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RESUMO 
 
 Os receptores de potencial transitório (TRPs) são membros de uma família de 
canais iônicos conhecidos por serem expressos em neurônios sensoriais das vias 
aéreas e em células não neuronais do pulmão (musculatura lisa, macrófagos e 
células epiteliais). Embora tenha sido relatado que os TRPs apresentam um papel 
na modulação da função dos reflexos protetores das vias aéreas, bem como na 
patofisiologia das doenças pulmonares, o envolvimento desses canais nos efeitos 
adversos manifestados após o tratamento com inibidores da enzima conversora de 
angiotensina (IECAs) permanece inexplorado. O objetivo desta tese foi, portanto, 
determinar o papel dos canais TRPs do tipo vaniloide 1 (TRPV1), anquirina 1 
(TRPA1) e vaniloide 4 (TRPV4) na hiperresponsividade, extravasamento plasmático 
e inflamação pulmonar induzidos pela administração de captopril, um IECA, por 
diferentes vias de administração e regimes de tratamento. Utilizando um modelo 
para avaliação da resistência das vias aéreas in vivo demonstramos que a 
administração de captopril sensibiliza os canais TRPV1, TRPA1 e TRPV4 de modo 
agudo, induzindo respostas brônquicas exacerbadas quando ratos Wistar machos 
foram desafiados com doses baixas de seus respectivos ligantes. Essa 
sensibilização parece depender diretamente dos níveis de bradicinina circulantes, 
via ativação do receptor de bradicinina tipo 2 (B2), que, por sua vez, ativa neurônios 
sensoriais sensíveis à capsaicina onde os TRPs estão co-expressos. No modelo de 
extravasamento de plasma, demonstramos que o tratamento com captopril 
aumentou a permeabilidade vascular das vias aéreas, e que de modo similar a 
hiperresponsividade, o efeito também parece decorrer da sensibilização desses 
canais de modo agudo. Corroborando, aumento da contagem total de leucócitos no 
lavado broncoalveolar (BAL) e uma hiperplasia do tecido linfoide associado ao 
brônquio (BALT), também foram observados após os diferentes regimes de 
tratamento com captopril. E ainda, a administração sub-crônica do IECA induziu 
aumento do processo inflamatório e do padrão imuno-histoquímico do canal TRPV1 
no pulmão de ratos. Finalmente, a degeneração de neurônios sensoriais pelo pré-
tratamento neonatal com capsaicina reduziu essas respostas inflamatórias, 
demonstrando forte envolvimento neurogênico, embora vias não neuronais também 
possam participar. Em conjunto, os dados desta tese sugerem que a administração 
de captopril modula o limiar de ativação dos canais TRPV1, TRPA1 e TRPV4, via 
ativação do receptor B2 através do aumento dos níveis circulantes de bradicinina, 
desencadeando respostas inflamatórias. Esse novo mecanismo sugere 
possibilidades para novas terapias antitussígenas e manejo farmacológico de 
pacientes que manifestam efeitos adversos sobre as vias aéreas durante o 
tratamento com IECAs, uma necessidade médica ainda não atendida. 
 








 Transient potential receptors (TRPs) are members of a family of ion channels 
known to be expressed in sensory neurons in the airways and in non-neuronal cells 
of the lung (smooth muscle, macrophages and epithelial cells). Although it has been 
reported that TRPs play a role in modulating the function of protective airway 
reflexes, as well as in the pathophysiology of lung diseases, the involvement of these 
channels in the adverse effects manifested after treatment with angiotensin-
converting enzyme inhibitors (ACEIs) remains unexplored. The objective of this 
thesis was, therefore, to determine the role of TRP channels type vaniloid 1 (TRPV1), 
anquirin 1 (TRPA1) and vaniloid 4 (TRPV4) in the hyperresponsiveness, plasma 
extravasation and pulmonary inflammation induced by the administration of captopril, 
an ACEI, in different routes of administration and treatment regimens. Using an 
animal model to assess airway resistance in vivo, we demonstrate that captopril 
administration sensitizes the TRPV1, TRPA1 and TRPV4 channels acutely inducing 
exacerbated bronchial responses when male Wistar rats were challenged with low 
doses of their respective ligands. This sensitization seems to depend directly on 
circulating bradykinin levels, via activation of the type 2 bradykinin receptor (B2), 
which, in turn, activates capsaicin-sensitive sensory neurons where TRPs are co-
expressed. In the plasma extravasation model, we demonstrated that treatment with 
captopril altered the vascular permeability of the airways, and that similarly to 
hyperresponsiveness, the effect also appears to result from the sensitization of these 
channels in an acute manner. Corroborating, an increase in the total leukocyte count 
in bronchoalveolar lavage (BAL) and a hyperplasia of the lymphoid tissue associated 
with the bronchus (BALT), were also observed after the different regimens of 
treatment with captopril. Furthermore, the subchronic administration of the ACEI 
induced an increase in the inflammatory process and alteration of the 
immunohistochemical pattern of the TRPV1 channel in rat lung. Finally, the 
degeneration of sensory neurons by the neonatal pre-treatment with capsaicin 
reduced these inflammatory responses, demonstrating a strong neurogenic 
involvement, although non-neuronal pathways may also participate. Taken together, 
data from this thesis suggest that the administration of captopril modulates the 
activation threshold of the TRPV1, TRPA1 and TRPV4 channels, via activation of B2 
receptor by increasing the circulating levels of bradykinin, triggering inflammatory 
responses. This new mechanism suggest possibilities for new antitussive therapies 
and pharmacological management of patients who manifest adverse effects on the 
airways during treatment with ACEIs, a medical need that has not yet been met. 
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1 INTRODUÇÃO  
 
1.1 INIBIDORES DA ENZIMA CONVERSORA DE ANGIOTENSINA  
 
 Inibidores da enzima conversora de angiotensina (IECAs) estão no mercado a 
mais de 30 anos e se estabeleceram como uma das maiores terapias 
cardiovasculares. Após Ferreira e colaboradores demonstrarem em 1970 que uma 
fração do veneno da Bothrops jararaca era capaz de potencializar as ações da 
bradicinina in vivo e in vitro por inibir a enzima conversora de angiotensina (ECA) 
(FERREIRA et al., 1970), Ondetti e Cushmann sintetizaram o primeiro IECA para 
administração oral, o fármaco captopril, em 1981 (ONDETTI; CUSHMAN, 1981). 
 O captopril, IECA de primeira geração, formou a base para os compostos 
subsequentes e atualmente mais de dez IECAs estão disponíveis para uso clínico e 
se diferenciam em 3 classes de acordo com o seu grupo funcional; grupamento 
sulfidrila (captopril e zofenopril), dicarboxilato (enalapril, lisinopril, ramipril, entre 
outros) e fosfonato (fosinopril), o que confere a eles diferenças no seu perfil 
farmacodinâmico e cinético (TADDEI; BORTOLOTTO, 2016; LAURENT, 2017).  
 Essa classe de medicamentos é considerada como tratamento de primeira 
linha para o gerenciamento da hipertensão sistólica/diastólica em adultos segundo 
os guidelines canadense (NERENBERG et al., 2018), americano (WHELTON et al., 
2018), europeu (WILLIAMS et al, 2018) e brasileiro (MALACHIAS et al., 2016) 
recentes. Além disso, possuem indicação no tratamento da insuficiência cardíaca 
congestiva, infarto do miocárdio e outros eventos coronarianos, com redução de 
35%, 48% e 35%, respectivamente, com base em uma meta-análise com mais de 
195 mil pacientes (TADDEI; BORTOLOTTO, 2016). Adicionalmente, IECAs 
favorecem a diminuição da progressão da nefropatia diabética e não diabética 
(ACHARYA et al., 2003). Por esses motivos, estão entre os fármacos mais prescritos 
e comercializados globalmente.  
 Estima-se que 35% de todas as prescrições de medicamentos anti-
hipertensivos nos Estados Unidos da América (EUA) sejam de IECAs, e que mais de 
40 milhões de pessoas no mundo administrem esses medicamentos diariamente 
(BANERJI et al., 2016). No ano de 2015, por exemplo, estima-se que 34 bilhões de 
dólares foram gastos para aquisição dessas drogas no mundo, um dos cinco 
medicamentos mais prescritos globalmente (LIAU et al., 2019). 
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 Seu mecanismo de ação visa reestabelecer a homeostasia da pressão 
arterial, da perfusão tecidual e do volume extracelular por meio da redução do 
desequilíbrio entre os sistemas renina-angiotensina-aldosterona (SRAA) e o sistema 
calicreínas-cininas (REGOLI; GOBEIL, 2015). Esses sistemas estão interligados pela 
ECA, uma dipeptidilcarboxidase localizada nas células endoteliais de vasos, 
capilares, vênulas e células endoteliais pulmonares. A ECA é responsável por 
catalisar a conversão de angiotensina I em angiotensina II (ANG II), componente 
chave do SRAA que, mediante ativação de seus receptores metabotrópicos do tipo 1 
(AT1), estimula a síntese e liberação de aldosterona, a retenção de íons sódio e a 
vasoconstrição (ZAMAN; OPARIL; CALHOUN, 2002; ACHARYA et al., 2003; 
LAURENT, 2017). Adicionalmente, 75% a 95% da bradicinina, agente vasodilatador 
componente chave do sistema calicreína-cininas, que se opõe aos efeitos da 
ativação do SRAA, é metabolizada pela mesma enzima a metabólitos inativos 
(REGOLI; PLANTE; GOBEIL, 2012). Por esse motivo, a ECA algumas vezes é 
referida como cininase II (ACHARYA et al., 2003).  
 Quando IECAs se ligam competitivamente ao sítio ativo da enzima, eles 
impedem a clivagem dos seus substratos, angiotensina 1 e bradicinina, reduzindo a 
atividade do SRAA e potencializando as ações do sistema calicreína-cininas, 
respectivamente (BICKET, 2002). E então, no geral, IECAs são efetivos em uma alta 
porcentagem de pacientes, geralmente bem tolerados e considerados relativamente 
















FIGURA 1 – REPRESENTAÇÃO ESQUEMÁTICA DA AÇÃO FARMACOLÓGICA DE INIBIDORES 




















A ECA, também conhecida como cininase II, é expressa no endotélio vascular dos principais órgãos-
alvo, incluindo pulmão. Esta enzima catalisa a conversão do decapeptídeo inativo angiotensina I ao 
octapeptídeo biologicamente ativo angiotensina II e a hidrólise da bradicinina a produtos inativos, 
regulando a função cardiovascular, pressão arterial e renal na saúde e na doença. Logo, quando 
IECAs se ligam ao sítio ativo da enzima, interferem com a sua habilidade em clivar seus substratos, 
diminuindo as ações do eixo clássico angiotensinogênio/renina/ECA/ANG II/AT1 e potencializam as 
ações do sistema cininas/caclicreínas/bradicinina (ZAMAN; OPARIL; CALHOUN, 2002; LI; ZHANG; 
ZHUO, 2017). 
 
1.2 EFEITOS ADVERSOS E PREVALÊNCIA 
 
 Efeitos adversos não passíveis de previsão são razões comuns para baixa 
adesão à terapia com IECAs (ISRAILI; HALL, 1992; VASEKAR; CRAIG, 2012). O 
efeito adverso mais comum (5 a 25% de incidência) em pacientes em tratamento é a 
tosse seca, seguida por hipotensão (4,1%), angioedema (1,3%) e disfunção renal 
(1%) (SESOKO; KANEKO, 1985; BAS et al., 2010; ACHARYA et al., 2003; 
MORIMOTO et al., 2004; OMBONI; BORGHI, 2011). Rash cutâneo, perda de sabor 
dos alimentos, aumento da reatividade brônquica e broncoespasmo, infiltrados 
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pulmonares intersticiais, neutropenia e aumento do risco de câncer de pulmão 
também foram descritos na literatura (BUCKNALL, 1988; OBERGASSEL; 
CARLSSON; TEBBE, 1996; OVERLACK, 1996; HICKS et al., 2018; YILMAZ, 2019). 
 Uma maior incidência desses efeitos foi observada em pacientes com 
descendência africana (acredita-se que tenham sensibilidade aumentada para 
bradicinina), pessoas do sexo feminino e fumantes (WAKEFIELD; THEAKER; 
PEMBERTON, 2008; BONNER et al., 2017). Até o momento, não há relato de uma 
associação temporal entre o início do tratamento com IECAs e a ocorrência dos 
efeitos adversos, assim como não há evidência de uma relação dose-resposta 
(WAKEFIELD; THEAKER; PEMBERTON, 2008). Logo, os efeitos são imprevisíveis e 
podem se manifestar nas primeiras horas após a primeira dose padrão ou semanas 
a meses após o início da terapia (DICPINIGAITIS, 2006). Qualquer IECA pode 
causar esses efeitos, embora a maior parte dos estudos descrevam reações após o 
tratamento com captopril e enalapril (O’RYAN; POOR; HATTORI, 2005). 
 
1.2.1 Tosse e hipersensibilidade  
 
 A tosse representa um dos mais potentes mecanismos para proteção das vias 
aéreas. Em condições normais, a tosse é um reflexo defensivo vital, dirigida por 
fibras sensoriais nervosas responsáveis por detectar alterações no ambiente físico e 
químico. Contempla as fases de inspiração, compressão e expiração, para que um 
fluxo de ar adequado seja gerado de modo a expelir materiais estranhos, partículas 
e muco das paredes das vias aéreas (BROUNS et al., 2012). No entanto, em 
situações patofisiológicas específicas que podem ocorrer durante a doença, a tosse 
pode se tornar excessiva e uma condição crônica, o que pode ser prejudicial à 
mucosa das vias aéreas e impactar negativamente na qualidade de vida dos 
pacientes (distúrbios do sono, dores no peito, náuseas e letargia) (GEPPETTI et al, 
2010; CANNING et al., 2014). Além disso, existe um custo econômico significativo 
para o indivíduo com tosse e para sociedade, uma vez que pode levar à ausência do 
trabalho e à diminuição da produtividade (DICPINIGAITIS, 2014).  
 A incidência de tosse induzida por IECAs varia de acordo com a etnia do 
paciente, sendo alta em populações asiáticas (45%) e menor em caucasianos (10%) 
(LIAU et al., 2019). Muitos pacientes com tosse crônica apresentam a síndrome da 
hipersensibilidade à tosse, caracterizada pela diminuição do limiar a estímulos 
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nocivos (fumaça do cigarro, por exemplo) e alterações na temperatura (CHUNG, 
2011; FARUQI et al., 2014). Os sintomas incluem além da tosse, dificuldade para 
respirar, rouquidão, rinorreia e irritação ocular (MILLQVIST, 2011). Frequentemente, 
pacientes tratados com IECAs apresentam maior sensibilidade ao reflexo da tosse 
(SONG; MORICE, 2017). Morice e colaboradores demonstraram que a concentração 
de capsaicina inalada (irritante agonista do receptor de potencial transitório do tipo 
vaniloide 1, TRPV1) necessária para induzir tosse foi menor em indivíduos 
saudáveis que receberam a administração de 25 mg de captopril (MORICE et al., 
1987).  
 Apesar de não estar totalmente elucidado, o principal mecanismo da 
hipersensibilidade à tosse tem sido sugerido como vias neurais sensoriais 
desreguladas, uma vez que a regulação positiva funcional dos nervos sensoriais 
epiteliais das vias aéreas é comumente encontrada em pacientes que sofrem com 
tosse crônica (GRONEBERG et al., 2004). Assim, em resumo, este efeito é descrito 
como uma hipersensibilidade das vias aéreas, onde a hiperreatividade dos 
neurônios sensoriais promove maior resposta da tosse à capsaicina inalada 
(MILLQVIST, 2011). Logo, a administração de IECAs poderia sensibilizar o reflexo 
da tosse, potencializando outras causas de tosse crônica nos pacientes 
(DICPINIGAITIS, 2006). 
 
 1.2.2 Angioedema 
 
 Angioedema é uma condição clínica caracterizada por inchaço dos tecidos 
subcutâneos e submucosos devido ao extravasamento vascular. O angioedema 
induzido por IECAs acomete a face, lábios, língua, pescoço e o trato superior das 
vias aéreas, sem a presença de urticaria ou desenvolvimento de anticorpos, levando 
à rouquidão, incapacidade de deglutição e dificuldade em respirar (GRANT; DEEB; 









FIGURA 2 – FOTOGRAFIA DE UM PACIENTE ACOMETIDO POR UM ANGIOEDEMA, LIMITADO 














Fonte: GRANT; DEEB; CHIA, 2007. 
 
 Apesar de relativamente incomum, o efeito está associado a uma 
considerável morbidade e pode ser fatal. Com frequência pacientes com edema de 
língua e laringe por angioedema causados por IECAs exigem admissão na unidade 
de tratamento intensivo para intervenção nas vias aéreas, permanecendo intubados 
por 24 a 72 horas até a alta hospitalar (O’RYAN; POOR; HATTORI, 2005). Sua 
prevalência é cinco vezes maior na população africana americana do que em 
caucasianos. Além disso, ser do sexo feminino, possuir idade acima de 65 anos, ter 
o hábito de fumar, ter se submetido à cirurgia das vias aéreas superiores, apresentar 
histórico de asma e alergias, são fatores de risco para o seu desenvolvimento 
(CAMPO et al., 2013). 
 Infelizmente até o momento não existe teste laboratorial definitivo para 
diagnosticar este efeito (BAS; STORCK; STRASSEN, 2017). Sendo assim, a 
descontinuação do tratamento com o IECA e a monitorização até a resolução dos 
sintomas são as ferramentas clínicas disponíveis para sua confirmação (VASEKAR; 
CRAIG, 2012). 





1.3 TERAPIAS DISPONÍVEIS PARA AMENIZAR OS EFEITOS ADVERSOS 
INDUZIDOS POR IECAS NAS VIAS AÉREAS 
 
 Até o momento não há uma intervenção farmacológica definitiva e aprovada 
para o tratamento de angioedema, tosse ou inflamação pulmonar induzido por 
IECAs, uma vez que seus mecanismos patofisiológicos não foram totalmente 
elucidados. O manejo recomendado consiste em suspender a administração do 
fármaco e substituí-lo por uma classe alternativa, visto que a troca por outro IECA 
pode fazer com que os efeitos adversos recorram (OVERLACK, 1996).  
 A interrupção da administração do fármaco é único tratamento uniformemente 
eficaz e faz com que os sinais e sintomas de angioedema geralmente se resolvam 
entre 24 – 48 horas (VASEKAR; CRAIG, 2012), enquanto a tosse geralmente se 
resolve dentro de 1 a 4 semanas após a descontinuação da terapia (DICPINIGAITIS, 
2006). No entanto, quando da suspensão do medicamento, os pacientes ficam 
expostos ao risco de sua situação atual, como crises hipertensivas. Logo, a 
prevenção e resolução dos efeitos adversos induzidos por IECAs nas vias aéreas de 
pacientes são limitadas. 
 A prescrição de antitussígenos para tosse induzida por IECAs ao invés da 
descontinuação e substituição do fármaco constitui uma farmacoterapia irracional, 
resultando muitas vezes em polifarmácia e exposição aos efeitos adversos dos 
antitussígenos (VEGTER; DE JONG-VAN DEN BERG, 2010). Medicamentos isentos 
de prescrição médica mostram pouca eficácia no alívio da tosse induzida por IECAs 
e os opiáceos, padrão ouro no tratamento da tosse, estão associados a efeitos 
colaterais moderados a graves, como sedação, náusea e dependência física 
(DICPINIGAITIS, 2006). 
 Em se tratando do angioedema induzido por IECAs, situação em que, ao 
contrário da tosse seca, há risco de morte por asfixia, a busca por um tratamento 
eficaz é emergente. Especialmente quando ocorre comprometimento das vias 
aéreas superiores, medicamentos como anti-histamínicos, anticolinérgicos, 
corticosteroides e adrenalina são frequentemente utilizados. No entanto, apresentam 
nenhum ou efeito limitado (NIELSEN; BYGUM; RASMUSSEN, 2016). Assim, devido 
à dificuldade de um tratamento aprovado, o cuidado de suporte, associado a uma 
maior morbidade, e que inclui procedimentos invasivos como intubação, 
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traqueotomia e cricotireoidetomia, com maior tempo de hospitalização e admissão 
na unidade de terapia intensiva, podem ser necessários (BONNER et al., 2017).  
 O medicamento ecalantide, por exemplo, um inibidor de calicreína com 
eficácia comprovada no angioedema hereditário foi estudado, porém, não foi efetivo 
no tratamento de angioedema induzido por IECAs (NIELSEN; BYGUM; 
RASMUSSEN, 2016). Outra possibilidade, o plasma fresco congelado, demonstrou 
capacidade de aliviar os sintomas do angioedema por IECA embora existam 
chances de reações de hiperssenssibilidade (NIELSEN; BYGUM; RASMUSSEN, 
2016; BERNSTEIN et al., 2017). Há também relatos na literatura de que a 
administração de icatibanto, potente e seletivo antagonista do receptor B2 também 
chamado de HOE140, seria capaz de inibir os efeitos vasculares da bradicinina 
quando administrado na dose de 30 mg por via subcutânea (BAS et al., 2010; 
BERNSTEIN et al., 2017). No entanto, devido ao baixo número de pacientes 
envolvidos no estudo, os dados são conflitantes, e não foram confirmados em uma 
meta análise recente (BONNER et al.,2017; JEON; LEE; LEE, 2019). Nesse sentido, 
uma terapia farmacológica efetiva e aprovada para resolução desses efeitos 
adversos nas vias respiratórias é uma necessidade médica ainda não atendida. E 
por esse motivo, estudos para acessar a patogênese destes efeitos e determinar 
alvos potenciais para o seu tratamento continuam a ser realizados. 
 
1.4 PATOGÊNESE DOS EFEITOS ADVERSOS INDUZIDOS POR IECAS NAS VIAS 
AÉREAS 
 
 O mecanismo dos efeitos adversos decorrentes da administração de IECAs 
não foi totalmente elucidado, embora tenha sido atribuído a alteração dos níveis de 
bradicinina. Nussberger e colaboradores demonstraram que pacientes tratados com 
IECA apresentam níveis plasmáticos de bradicinina significativamente aumentados 
(NUSSBERGER et al., 1998), assim como em pacientes durante um ataque de 
angioedema (BONNER et al.,2017). De fato, a inibição da ECA favorece o acúmulo 
desse importante mediador no pulmão, capaz de promover os principais sinais da 
inflamação (DICPINIGAITIS, 2006). Em ratos, essa inibição farmacológica aumenta 
os níveis de cininas nos vasos, rim, pulmão, coração e tecido adiposo (REGOLI; 
PLANTE; GOBEIL, 2012).  
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Os inibidores da ECA também promovem a potencialização da sinalização da 
bradicinina não somente por reduzir a sua degradação, mas também por atuarem 
como agonistas alostéricos diretos de receptores B1 e indiretos de receptores B2 
(ERDÖS, FULONG; SKIDGEL, 2010) bem como por favorecer a inibição da 
dessensibilização dos receptores B2 (ACHARYA et al., 2003). Logo, além das 
evidências sugerindo que a bradicinina, agindo em seus receptores específicos, 
desempenhe efeitos inflamatórios e um papel importante nos efeitos adversos 
induzidos por IECAs, outros mecanismos podem de modo direto e indireto 
potencializar as ações desse mediador inflamatório. Assim, o acúmulo de bradicinina 
é dificilmente aceito como o único mecanismo, uma vez que este mediador possui 
uma meia vida plasmática curta, os efeitos adversos são imprevisíveis e não dose-
dependentes. 
 
1.4.1 O papel da bradicinina 
 
 A bradicinina é um nonapeptídeo vasoativo potente que participa de 
processos inflamatórios por causar aumento da permeabilidade vascular, o 
recrutamento de células inflamatórias, a contrição da musculatura lisa uterina e 
gastrointestinal, broncoconstrição, ativação da fosfolipase A2 e liberação de 
prostanoides, taquicininas e citocinas (KAPLAN; JOSEPH, 2014; RICCIARDOLO et 
al., 2018). A via clássica de produção de bradicinina no plasma humano consiste de 
3 proteínas, o fator XII (fator de Hageman), a pré-calicreina e o cininogênio de alto 
peso molecular, e integra o sistema chamado calicreína-cininas. Essas proteínas 
estão ligadas a células vasculares endoteliais. Resumidamente, a 
ativação/perturbação de tais células promove a ativação do fator XII, seguido pela 
conversão da pré- calicreína em calicreína, que por sua vez digere o cininogênio de 
alto peso molecular liberando a bradicinina (para revisão ver KAPLAN; JOSEPH, 
2014). 
 A regulação de suas ações envolve a sua inativação por várias peptidases 
como a aminopeptidase P, endopeptidase neutra e carboxipeptidases M e N e a 
ECA, a principal (CICARDI; ZURAW, 2018). A ECA está abundantemente expressa 
na superfície vascular de células endoteliais pulmonares. Logo, a degradação da 
bradicinina ocorre largamente na vasculatura pulmonar, com tempo de meia-vida de 
cerca de 17 segundos na corrente sanguínea (LUMB, 2010). Assim, o bloqueio de 
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sua inativação pela inibição da ECA, resulta em prolongamento do seu tempo de 
meia-vida e aumento de sua atividade biológica (YILMAZ, 2019).  
 Seus efeitos farmacológicos são mediados pela ativação dos receptores de 
bradicinina tipo B1 e B2, caracterizados por Regoli e colaboradores no final de 1970 
(HALL, 1997). Ambos são membros de uma superfamília de receptores acoplados a 
diferentes tipos de proteína G (GPCRs) expressos na membrana plasmática, que 
sinalizam primariamente via proteínas Gαq/11 e Gαi/o, mas também 
independentemente através de efetores intracelulares (MAURER et al., 2011).  
 Os receptores apresentam um padrão de expressão diferente nos tecidos. 
Receptores B1 são induzíveis, regulados por lesão tecidual durante processos 
inflamatórios, possuem baixa afinidade para a bradicinina e maior afinidade por seus 
metabólitos provenientes da ação da enzima cininase I (carboxipeptidase N) sobre a 
bradicinina (des-arg9 -bradicinina e lys-des-arg9–bradicinina) (CALIXTO et al., 2004; 
RHALEB, YANG; CARRETERO, 2011). Os receptores B2 são constitutivos, 
expressos em densidade relativamente constante, e possuem alta afinidade por 
bradicinina (ABRAHAM; SCURI; FARMER, 2006). Estão amplamente distribuídos na 
vasculatura endotelial, neurônios sensoriais, células da musculatura lisa, epitélio 
respiratório e alguns tipos de leucócitos (MARCEAU et al., 2018). Logo, a maior 
parte dos efeitos farmacológicos da bradicinina sobre as vias aéreas são gerados via 
ativação de receptores B2 (LEEB-LUNDBERG et al., 2005)  
 Resumidamente, a ativação do receptor B2 acoplado a proteína Gαq por 
bradicinina estimula a enzima fosfolipase C (PLC) a hidrolisar o fosfatidilinositol 
(4,5)- bifosfato (PIP2), aumentando os níveis de segundo mensageiros como cálcio 
(Ca2+), inositol (1,4,5)-trifosfato (IP3) e diacilglicerol (DAG) (MARCEAU et al., 2018). 
O aumento da liberação de íons Ca2+ dos estoques celulares, por sua vez, auxilia a 
liberação de neuropeptídeos por neurônios sensoriais primários e a ativação de 
isoformas específicas de proteína quinase C (PKC) que podem fosforilar proteínas 
alvo (LEEB-LUNDBERG et al., 2005; PETHÖ; REEH, 2012). Em conjunto, são 
geradas respostas como o extravasamento de plasma, broncoconstrição e 
hiperreatividade brônquica (TRAMONTANA et al., 2001; GAMA LANDGRAF et al., 
2004; SULPIZIO et al., 2004; VALENTI et al., 2005), efeitos comumente associados 
com a patofisiologia de doenças respiratórias (FULLER et al., 1987) e que podem 




 Emanueli e colaboradores (1998) demonstraram que captopril induz 
extravasamento plasmático em camundongos via ativação de receptor B2, visto que 
o efeito é inibido pelo pré-tratamento com HOE140 (icatibanto) e abolido quando da 
deleção genética do mesmo receptor (EMANUELI et al., 1998). Corroborando, 
Katsumata et al. (1991) demonstraram que pacientes tratados com IECA 
apresentam um aumento acentuado da tosse induzida por bradicinina inalada 
(KATSUMATA et al., 1991). No entanto, estudos adicionais geraram evidências de 
que bradicinina poderia também promover suas respostas nas vias aéreas por ativar 
diferentes subtipos de fibras aferentes sensoriais (CANNING, 2010). Fox e 
colaboradores (1996) demonstraram que a bradicinina sensibiliza fibras sensoriais 
do tipo C (FOX et al.,1996), onde receptores B2 estão coexpressos com receptores 
de potencial transitório (TRPs) (PETHÖ; REEH, 2012;  VELDHUIS et al., 2015). 
Essa sensibilização, por sua vez, aumentou o número de tosses provocadas pelo 
tratamento com IECA em cobaias. (FOX et al., 1996). O extravasamento plasmático 
induzido por captopril em ratos mecanicamente ventilados também parece envolver 
a participação dos receptores B2 e neurônios sensoriais sensíveis a capsaicina das 
vias aéreas (DE OLIVEIRA et al., 2016). Nesse sentido, o conhecimento dos 
diferentes subtipos de nervos aferentes sensoriais vagais que controlam a 
respiração é fundamental para a compreensão e investigação da patofisiologia dos 
efeitos adversos manifestados durante o tratamento com IECAs. 
 
1.5 NEURÔNIOS SENSORIAIS QUE CONTROLAM A RESPIRAÇÃO 
 
 As vias aéreas utilizam uma inervação aferente densa, derivada 
principalmente, mas não exclusivamente, de neurônios nos gânglios sensoriais 
vagais para detectar alterações no ambiente físico e químico local e levar essas 
informações ao sistema nervoso central, causando respostas reflexas (BROUNS et 
al., 2012). A comunicação neuronal entre o trato respiratório e o sistema nervoso 
central (SNC) depende dos potenciais de ação gerados nos terminais nervosos 
aferentes e conduzidos para os terminais centrais do SNC (MAZZONE; UNDEM, 
2016). Assim, reflexos centrais e locais como tosse, broncoconstrição, secreção de 
muco e vazamento microvascular são mediados (NASRA; BELVISI, 2009).  
 Os corpos celulares dos neurônios sensoriais vagais que inervam o trato 
respiratório se originam em dois gânglios distintos, denominados gânglio nodoso e 
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gânglio jugular. Esses nervos aferentes, nodoso e jugular, têm fenótipos distintos e, 
portanto, provavelmente subservem funções distintas, consistindo diferentes 
subtipos dentro das vias aéreas (NASRA; BELVISI, 2009; GRACE et al, 2011; 
MAZZONE; UNDEM, 2016). 
 
1.6 SUBTIPOS DE NEURÔNIOS SENSORIAIS DAS VIAS AÉREAS 
 
1.6.1 Receptores de estiramento pulmonar (fibras Aβ) 
 
 As fibras aferentes vagais que terminam no trato respiratório que conduzem 
potenciais de ação na faixa Aβ são em grande parte caracterizados por sua 
respostas à inflação pulmonar sustentada.  As fibras Aβ sensíveis que transmitem 
informação mecânica são convencionalmente subcategorizadas com base na 
adaptação do potencial de ação como receptores de adaptação lenta (SARs) e 
receptores de adaptação rápida (RARs) (MAZZONE; UNDEM, 2016). Ambos 
desempenham um papel crítico na regulação da freqüência respiratória e volume 
corrente (CANNING et al., 2014).  
 RARs foram nomeados refletindo sua adaptação rápida às inflações 
pulmonares sustentadas. Possuem seus corpos celulares no gânglio nodoso e são 
insensíveis à estimulação direta por estímulos químicos como bradicinina e 
capsaicina, embora esses estímulos possam indiretamente ativar essas fibras, 
gerando broncoconstrição, produção de muco ou edema (NASRA; BELVISI, 2009). 
SARs são altamente sensíveis às forças mecânicas impostas ao pulmão durante a 
respiração e geralmente insensíveis a estímulos químicos (LEE; YU, 2014). São 
responsáveis por ajustar o padrão de respiração, diminuir a inspiração e prolongar a 
expiração. Estão envolvidos no reflexo de broncodilatação, taquicardia e 
vasodilatação sistêmica, sem efeito direto na tosse (CANNING et al., 2014; 
POLVERINO et al., 2012).  
 
1.6.2 Receptores de tosse  
 
 Estudos em cobaias demonstraram a existência de um grupo de fibras A, 
mielinizadas, que se originam nos gânglios nodosos, e que quando estimuladas 
levam à tosse, terminando quase exclusivamente nos brônquios extrapulmonares, 
traqueia e laringe (NASRA; BELVISI, 2009). Sua velocidade de condução é 5 vezes 
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mais rápida que as fibras C e cinco vezes mais lenta que as fibras Aβ RARs e SARs, 
indicando um perfil de fibra Aδ. São sensíveis a estimulação mecânica pontual do 
epitélio, mudanças rápidas do pH luminal e soluções hipotônicas, e não responsivas 
a estimulação química por capsaicina ou bradicinina (CANNING, 2010; GRACE et 
al., 2011; LEE; YU, 2014; MAZZONE; UNDEM, 2016). Curiosamente, ratos e 
camundongos não possuem essas fibras e apresentam o reflexo da tosse menos 
desenvolvido (NASRA; BELVISI, 2009).  
 Fibras Aδ quimicamente sensíveis, que expressam o canal TRPV1 e não 
sintetizam neuropeptídios, também foram descritas nas vias aéreas de algumas 
espécies, com responsividade a bradicinina e a capsaicina (GRACE et al., 2013; 
LEE; YU, 2014). No entanto, seu papel nos reflexos homeostáticos e defensivos das 
vias aéreas ainda é desconhecido (MAZZONE; UNDEM, 2016). 
 
1.6.3 Aferentes quimicamente sensíveis 
 
 A maioria dos nervos aferentes que inervam as vias aéreas e exibem 
sensibilidade a uma gama de estímulos químicos, menos sensíveis a perturbações 
mecânicas, são fibras aferentes do tipo C não mielinizadas (LEE; PISARRI, 2001). 
Essas compreendem aproximadamente 75% dos nervos aferentes que inervam as 
vias aéreas, com velocidade de condução de 0,3 - 2 m/s e, a maioria, caracterizadas 
pela expressão do canal iônico TRPV1 (sensível a capsaicina), além da expressão 
de outros canais de cátions operados por ligantes e GPCRs (MAZZONE; UNDEM, 
2016). Essas fibras podem ser sub-classificadas como fibras C pulmonares ou fibras 
C brônquicas, com base na acessibilidade circulatória, recebendo perfusão 
sanguínea da circulação pulmonar ou suprimento sanguíneo da circulação 
brônquica, respectivamente (LEE; PISARRI, 2011). 
 As fibras C estão geralmente inativas durante todo o ciclo respiratório, mas se 
ativam de modo direto por estímulos químicos como extratos alimentares 
(capsaicina, óleo de mostarda, wasabi e gengibre), substâncias irritantes do 
ambiente (fumaça de cigarro, poluição do ar e escapamentos de veículos) e 
mediadores endógenos (por exemplo, bradicinina, prostanóides e produtos de 
oxidação) (GRACE et al., 2013). Uma subpopulação de fibras C sintetiza 
neuropeptídeos nos seus corpos celulares nos gânglios nodoso e jugular, tais como 
substancia P, neurocinina A e peptideo relacionado ao gene da calcitonina (CGRP), 
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que são subsequentemente transportados e armazenados em seus terminais 
nervosos periféricos (LEE; PISARRI, 2001; MAZZONE; UNDEM, 2016). Quando 
essas terminações são estimuladas no trato respiratório, impulsos desencadeiam a 
liberação desses neuropeptídios, capazes de agir em células efetoras e gerar efeitos 
reflexos locais como broncoconstrição, quimiotaxia de células inflamatórias, 
extravasamento plasmático e edema das mucosas das vias aéreas, coletivamente 
referidos como inflamação neurogênica (LEE; PISARRI, 2001; NASRA; BELVISI, 
2009). Adicionalmente, a estimulação de fibras C brônquicas e pulmonares pode 
também desencadear profundas respostas respiratórias mediadas por reflexos 
centrais, incluindo constrição das vias aéreas, secreção de muco, tosse e taquipneia 
(BROUNS et al., 2012).  
 
1.7 TRPS, REFLEXOS DAS VIAS AÉREAS E INFLAMAÇÃO PULMONAR 
 
 Os neurônios sensoriais das vias aéreas são conhecidos por expressar uma 
variedade de receptores e canais iônicos, que são ativados por mediadores 
endógenos e exógenos, como por exemplo, a família dos TRPs. Esses canais são 
proteínas seletivas a cátions, que exibem uma preferência geral por íons cálcio e 
que desempenham um importante papel nos mecanismos protetores das vias 
aéreas (GRACE et al., 2014). Os TRPs foram descobertos no olho da mosca 
Drosophila melanogaster e nomeados por sua resposta transitória à luz brilhante 
(MONTELL; RUBIN, 1989). Exibem seis domínios transmembranares com o poro do 
canal localizado entre os domínios 5 e 6, terminais C e N intracelulares e graus 
variados de repetição de anquirina (JULIUS, 2013).  
 TRPs estão classificados em 6 subfamílias, com base na sua sequência de 
aminoácidos, em TRPV (vanilóide), TRPM (melastatina), TRPA (anquirina), TRPML 
(mucolipina), TRPP (policistina) e TRPC (canonico) (NILIUS; SZALLASI, 2014). As 
evidências atuais sugerem que os canais TRP ativos são formados por quatro 
subunidades e que podem se reunir como homo ou heterotetrâmeros (MICKLE; 
SHEPHERD; MOHAPATRA, 2015). No que tange as vias aéreas, os receptores 
vaniloide tipo 1 (TRPV1), vaniloide tipo 4 (TRPV4) e anquirina tipo 1 (TRPA1) 
apresentam maior interesse devido a sua abundância, localização estratégica e 
envolvimento em processos fisiológicos e patológicos de doenças inflamatórias das 
vias aéreas, incluindo patologias respiratórias como doença pulmonar obstrutiva 
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crônica (DPOC), asma, câncer e fibrose cística (GRACE et al., 2013; NASSINI et al., 
2012; WALLACE, 2017; XIA  et al., 2018). Esses canais iônicos estão presentes em 
terminais nervosos vagais e possivelmente células auxiliares neuronais, podendo ser 
ativados por uma ampla variedade de estímulos e iniciar respostas reflexas como 





 Os canais TRPV1 são os mais conhecidos dentre os TRPs. TRPV1 foi o 
primeiro membro da família de receptores vanilóides a ser caracterizado, clonado no 
ano de 1997 (CATERINA et al., 1997). São predominantemente expressos na 
membrana plasmática de fibras sensoriais aferentes do tipo C que inervam todo o 
trato respiratório, sendo que alguns desses neurônios co-expressam os canais 
TRPA1 ou TRPV4, e possuem habilidade de produzir neuropeptídeos sensoriais (DE 
LOGU et al., 2016; XIA et al., 2018; WALLACE, 2017; LEE; GU, 2009). 
Alternativamente, um pequeno número de fibras aferentes vagais do subtipo A, que 
não expressam TRPV1 em condições normais, podem ter seu fenótipo alterado 
durante processos inflamatórios das vias respiratórias, fazendo com que a fibra 
expresse transientemente o canal (GEPPETTI; MATERAZZI; NICOLETTI, 2006; 
GRACE et al., 2013). Além disso, TRPV1 são também expressos na musculatura 
lisa pulmonar, no epitélio da traqueia, brônquios e laringe, células endoteliais 
vasculares e dendríticas do pulmão (ROGERIO; ANDRADE; CALIXTO, 2011; 
RADRESA et al., 2012).  
 TRPV1 forma predominantemente homotetrâmeros, embora heterotetrâmeros 
com canais TRPA1 e TRPV4 tenham sido reportados na literatura (NILIUS; 
SZALLASI, 2014). TRPV1 é conhecido por ser um canal polimodal, ativado por 
diversos estímulos, como por irritantes químicos, capsaicina e resiniferatoxina 
(CATERINA et al ., 1997; MEOTTI; DE ANDRADE; CALIXTO, 2014), baixo pH 
extracelular, anandamida, temperaturas quentes (> 42 ° C) e derivados do ácido 
araquidônico, AA) (GEPPETTI et al., 2010; GRACE et al., 2014).  
 Uma vez ativados, os canais proporcionam um aumento da concentração de 
cálcio intracelular e da excitabilidade das células, gerando potenciais de ação e 
promovendo a liberação de taquicininas e CGRP dos terminais nervosos. A 
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liberação axonal local dos neuropeptídeos age em células efetoras do trato 
respiratório induzindo broncoconstrição, extravasamento de plasma e quimiotaxia de 
células inflamatórias, respostas referidas como inflamação neurogênica (JIA; LEE, 
2007; LEE; GU, 2009). Adicionalmente, reflexos centrais também são gerados como 
broncoconstrição e hipersecreção de muco, através de mecanismos colinérgicos 
(JIA; LEE, 2007; DU et al., 2019). Logo, o canal iônico TRPV1 possui um papel já 
estabelecido na tosse, e com frequência seus ligantes capsaicina e ácido cítrico são 
administrados como ferramenta para avaliação do reflexo da tosse em estudos 
clínicos e em animais (GRACE et al., 2011). As informações acima estão resumidas 
na FIGURA 3. 
 
FIGURA 3 – RESUMO DA ATIVAÇÃO DO CANAL TRPV1 EM NEURÔNIOS SENSORIAIS E SUAS 







 Durante um cenário de doença respiratória, como asma e DPOC, vários 
mediadores inflamatórios produzidos pelo pulmão “doente” são liberados 
endogenamente como adenosina trifosfato (ATP), bradicinina, prostaglandinas, 
serotonina, fator de crescimento nervoso (NGF), quimiocinas, histamina ou 
proteases, que por meio da ativação de seus próprios receptores podem sensibilizar, 
diminuindo o limiar de ativação, e ativar indiretamente o TRPV1 (GRACE et al., 
2014; BELVISI; BIRRELL, 2017; GOUIN et al., 2017). A ativação dos receptores B2 
por bradicinina, por exemplo, potencializou a atividade do TRPV1 em um sistema de 
expressão heterólogo (células HEK293) e em neurônios do gânglio da raiz dorsal 
(GRD) (CHUANG et al., 2001). Particularmente para esse mediador, o canal parece 
ser crucial para os seus efeitos farmacológicos decorrentes da excitação de fibras 
aferentes vagais das vias aéreas. Estudos em animais com deleção genética do 
receptor demonstraram que a ativação de fibras por bradicinina é diminuída na 
ausência de TRPV1, embora não seja totalmente extinguida (BESSAC; JORDT, 
2008).  
 A sensibilização do canal é decorrente da ativação de proteínas cinases C e A 
(PKC e PKA) e proteína quinase dependente de Ca2+/calmodulina (CaMKII). A 
atividade da PLC, que quando ativada diminui os níveis PIP2 e produz DAG, 
também está envolvida na sua sensibilização (CHUANG et al., 2001). Uma 
característica patofisiológica comum dessa sensibilização durante doenças 
inflamatórias das vias aéreas é a resposta sensorial exagerada conhecida como 
hipersensibilidade, caracterizada por irritação, dispneia, tosse e broncoconstrição a 
irritantes inalados (LEE; GU, 2009). De fato, estudos em cobaias e em pacientes 
afetados por asma, rinite, DPOC, tratados com IECAs, entre outras condições, 
demonstram uma maior sensibilidade a capsaicina, desencadeando respostas 
reflexas tussivas exageradas (GEPPETTI et al., 2010).  
 O envolvimento do TRPV1 nos efeitos adversos observados nas vias aéreas 
após o tratamento com IECA ainda não está totalmente elucidado. Recentemente 
demonstramos que o tratamento agudo com captopril induz extravasamento 
plasmático nas vias aéreas via sensibilização do TRPV1 por bradicinina (DE 
OLIVEIRA et al., 2016). Se TRPV1 está envolvido em outros efeitos adversos dos 
IECAs e se a continuidade do tratamento poderia alterar seu padrão de expressão 
nos pulmões ainda é uma questão a ser esclarecida. Estudos demonstraram que 
pacientes com doenças respiratórias podem apresentar maior expressão deste canal 
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e então, maior sensibilidade a estímulos como a capsaicina (XIA et al., 2018). Este 
efeito foi observado em um modelo de asma em ratos (BELVISI; BIRRELL, 2017), 
em um modelo animal submetido à inflamação alérgica (WATANABE et al., 2008), 
no epitélio das vias aéreas de pacientes asmáticos (MCGARVEY et al., 2014), e em 
pacientes com tosse crônica (GRONEBERG et al., 2004; MITCHELL et al., 2005; DU 
et al., 2019). Logo, a expressão deste canal pode ser regulada sob condições 
patológicas, servindo como explicação para a hipersensibilidade manifestada 
durante as condições inflamatórias (O’NEILL et al., 2012).  
 Nesse sentido, cada vez mais estudos sugerem o canal TRPV1 como alvo 
farmacológico atraente no tratamento de doenças respiratórias, focando 
principalmente na pesquisa de fármacos antitussígenos. Vários estudos pré-clínicos 
em diferentes modelos murinos demonstraram que o bloqueio ou a perda dos canais 
TRPV1 são eficazes no alívio da tosse, broncoconstrição, hiperresponsividade e 
inflamação das vias aéreas (BELVISI et al., 1992; LALLOO et al., 1995; TREVISANI 
et al., 2004; CHOI et al., 2018). Em cobaias, altas concentrações de capsazepina, 
um antagonista específico da ativação de fibras C induzidas por capsaicina, 
bloqueou a broncoconstrição e a tosse induzida por esse agonista (BELVISI et al., 
1992; LALOO et al., 1995). Recentemente demonstramos que o tratamento 
intratraqueal com capsazepina foi capaz de diminuir o extravasamento plasmático 
induzido por captopril nas vias aéreas de ratos mecanicamente ventilados (DE 
OLIVEIRA et al., 2016). No entanto, capsazepina inibe não somente a ativação dos 
canais TRPV1, mas também possui ações não específicas, como a inibição de 
canais operados por voltagem (DOCHERTY; YEATS; PIPER, 1997), e então outros 
mecanismos adjacentes podem estar envolvidos.  
 Adicionalmente, observamos que o tratamento dos ratos no período neonatal 
com altas doses de capsaicina também foi capaz de inibir o extravasamento 
plasmático induzido por captopril nas vias aéreas (DE OLIVEIRA et al., 2016). De 
fato, já está bem estabelecido na literatura que a administração de uma ou duas 
doses de capsaicina, 50 mg/kg, nos primeiros dias de vida de ratos causa 
dessensibilização aguda, caracterizada por depleção de neuropeptídios e  
degeneração específica dos neurônios sensoriais periféricos que expressam TRPV1 
(SCADDING, 1980; CZIKORA et al., 2013). Assim, o tratamento é capaz de 
desfuncionalizar seletivamente os neurônios sensoriais sensíveis a capsaicina, os 
levando a morte celular, possuindo um claro potencial terapêutico no manejo de 
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doenças em que essas vias neurais estão envolvidas (CZIKORA et al., 2013). Em 
humanos, a aplicação tópica repetida de capsaicina na mucosa nasal de pacientes 
com rinite não alérgica crônica, por exemplo, fez com que os pacientes 
apresentassem melhora dos sintomas, com função olfativa intacta e descontinuação 
do uso abusivo de vasocontritores nasais (GEPPETTI et al., 1988; LACROIX et al., 
1991).    
 No entanto, com relação às doenças das vias aéreas de humanos, os estudos 
clínicos testando compostos antagonistas TRPV1 ainda são escassos (JIA; LEE, 
2007). A maior preocupação quanto a administração de antagonistas desse canal é 
seu perfil de segurança, isso porque vários dos antagonistas avaliados causaram 
hipertermia, sugerindo que TRPV1 é tonicamente ativado nas vias 
termorregulatórias in vivo (GAVVA et al., 2008; LEHTO et al., 2008; NASRA; 
BELVISI, 2009). Assim, atualmente, as pesquisas buscam inibidores que não afetem 
a temperatura corporal (LEHTO et al., 2008). A expressão do canal TRPA1 é mais 
restrita, o que faz com que apresente um perfil de segurança interessante. Logo, é 
muito provável que a terapia ideal para os sintomas de doenças inflamatórias 
respiratórias, incluindo-se aqui os efeitos adversos induzidos por IECAs nas vias 




 O canal TRPA1 é o único membro da família anquirina e foi primeiramente 
descoberto em uma cultura de fibroblastos do pulmão humano. O receptor é 
amplamente expresso em neurônios sensoriais vagais, onde está co-expresso com 
TRPV1 (PRETI; SZALLASI; PATACCHINI, 2012). TRPA1 parece ativar somente 
fibras C broncopulmonares vagais, desencadeando tosse, aumento da 
broncoconstrição e hiperreatividade brônquica em humanos e modelos animais 
(BONVINI; BELVISI, 2017).  
 O canal é ativado por uma série de irritantes exógenos. Nas vias aéreas de 
porquinhos da índia, isotiocianato de alila (presente na mostarda), cinamaldeído (da 
canela) e outros irritantes ambientais como acroleína e o crotonaldeído (presentes 
na fumaça do cigarro) foram capazes de induzir inflamação neurogênica e tosse 
(ANDRÈ et al., 2008; ANDRÈ et al., 2009). Há também evidências de que os canais 
TRPA1 são ativados por temperaturas frias abaixo de 17°C (STORY et al., 2003; 
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ZURBORG et al., 2007; CASPANI; HEPPENSTALL, 2009), embora esse achado 
seja questionado (ZHOU et al., 2011; GRACE et al., 2014), e calor nocivo (de modo 
dependente de uma tríade de canais TRPA1, TRPM3 e TRPV1) (VANDEWAUW et 
al., 2018). Espécies reativas de oxigênio (ROS) e de nitrogênio induzidas durante a 
lesão tecidual via peroxidação lipídica, como o 4-hidroxinonenal (4-HNE) também o 
ativam (GEPPETTI et al., 2010; XIA et al., 2018; BELVISI; BIRRELL, 2017) (FIGURA 
4). 
 
FIGURA 4 – RESUMO DA ATIVAÇÃO DO CANAL TRPA1 EM NEURÔNIOS SENSORIAIS E SUAS 












 De maneira semelhante ao canal TRPV1, a atividade do TRPA1 também é 
modulada por processos de dessensibilização e sensibilização (GRACE et al., 
2013). A ativação repetida do receptor por estímulos químicos resulta na sua 
dessensibilização de modo Ca2+ dependente. Vários mediadores inflamatórios 
podem o sensibilizar, como fatores de crescimento, bradicinina, proteases via 
ativação de vários GPCRs ou receptores tirosina quinases (RTKs) através das vias  
adenosina 3',5'-monofosfato cíclico (AMPc) / PKA e PLC / PKC após a elevação de 
Ca2+ (BANDELL et al., 2004; GRACE et al., 2014; GOUIN et al., 2017). Uma vez 
ativado, os neurônios que expressam o canal liberam neuropeptídios pró-
inflamatórios, iniciando a inflamação neurogênica (PRETI; SZALLASI; PATACCHINI, 
2012).  
 Assim como o antagonismo do canal TRPV1, o bloqueio do TRPA1 em 
doenças inflamatórias das vias aéreas também tem despertado interesse. O 
antagonismo do canal TRPA1 inibiu a ativação de neurônios sensoriais vagais 
isolados de cobaia e a resposta tussiva induzida por cigarro, prostaglandina E2 
(PGE2) e bradicinina, e ao ser associado a um antagonista TRPV1, essas respostas 
foram abolidas (BENEMEI et al., 2015). O antagonista HC030031 bloqueou a 
inflamação aguda e a tosse induzida pela fumaça do cigarro e também a tosse 
induzida por agonistas TRPA1 (acroleina, cinamaldeido, isotiocianato de alila e 
crotonaldeido) em cobaias (ANDRÈ et al., 2009; CACERES et al., 2009). Em 
conjunto, os dados apresentados na literatura apoiam um papel dos antagonistas 
TRPA1 como medicamentos inovadores na intervenção farmacológica de doenças 
como asma e DPOC (MUKHOPADHYAY; KULKARNI; KHAIRATKAR-JOSHI, 2016). 
No entanto, estudos clínicos com antagonistas TRPA1 em pacientes humanos com 
doenças inflamatórias das vias aéreas ainda são escassos, assim como o seu papel 




 O TRPV4 é um canal catiônico não seletivo com alta permeabilidade ao Ca2+ 
e ao magnésio (Mg2+) (GARCIA-ELIAS et al., 2014) e que, assim como os canais 
TRPV1 e TRPA1, participam de doenças inflamatórias do pulmão, como asma, 
DPOC e fibrose cística (BONVINI et al., 2016; SCHERAGA  et al., 2017). Dentre os 
agonistas endógenos do canal estão temperatura entre 27–35°C (constitutivamente 
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ativo em temperaturas normais do corpo), ácidos epoxieicosatrienóicos, anandamida 
e estímulos hipotônicos  (NILIUS; SZALLASI, 2014; GRACE et al., 2017). Produtos 
químicos também são potentes agonistas TRPV4 como ésteres de forbol e o 
agonista sintético GSK1016790A, ambos amplamente utilizados como ferramentas 
na investigação farmacológica e fisiológica dos canais, especialmente na regulação 
da permeabilidade vascular e integridade microvascular (WATANABE et al., 2002; 
WILLETTE  et al., 2008; NILIUS; SZALLASI, 2014).  
 O canal TRPV4 está amplamente distribuído sendo detectado em células 
epiteliais dos brônquios humanos, células estruturais como musculatura lisa das vias 
aéreas, fibroblastos e vasos pulmonares, células inflamatórias como macrófagos e 
neurônios sensoriais (BELVISI; BIRRELL, 2017; XIA et al., 2018). Uma característica 
comum é a sua co-localização com TRPV1 em neurônios sensoriais que expressam 
neuropeptídios (BENEMEI et al., 2015). A estimulação do canal TRPV4 por 
GSK1016790A ou didecanoato de 4α-forbol (4α-PDD) induz disparos de neurônios 
sensoriais e tosse em cobaias, sendo, assim como os demais TRPs abordados 
anteriormente, alvos atrativos no tratamento da broncoconstrição e tosse (BENEMEI 
et al., 2015). No entanto, sua neurobiologia é distinta dos canais TRPV1 e TRPA1 e 
pouco se sabe sobre seu papel na ativação dos nervos sensoriais das vias aéreas 
(BONVINI et al., 2016). Seus agonistas e mecanismo de ativação/sensibilização 
















FIGURA 5 – RESUMO DA ATIVAÇÃO DO CANAL TRPV4 EM NEURÔNIOS SENSORIAIS E SUAS 





Os efeitos da ativação do canal TRPV4 a jusante de neurônios sensoriais nas vias aéreas ainda não 
foram totalmente elucidados (BONVINI et al., 2016). 
 
 Estudos demonstraram que a ativação do TRPV4 por seus agonistas 
promove um aumento do influxo de cálcio no gânglio nodoso de cobaias, 
acompanhado de despolarização de nervos vagais humanos, e ativação de fibras Aδ 
e não de fibras C, seguida de tosse em um modelo animal (BONVINI et al., 2016;  
BONVINI; BELVISI, 2017). Nas vias aéreas in vivo, através de técnicas de imagem 
de cálcio e eletrofisiologia, Bonvini e colaboradores (2016) identificaram uma via de 
sinalização TRPV4-ATP- receptores purinérgicos subtipo P2X3 nesses nociceptores 
periféricos Aδ (BONVINI et al., 2016). Além disso, McAlexander e outros 
pesquisadores demonstraram que ativação do TRPV4 causa constrição de 
brônquios isolados das vias aéreas humanas, por um mecanismo dependente da 
produção de cisteinil leucotrienos (MCALEXANDER et al., 2014). Logo, o 
antagonismo do canal também seria um alvo farmacológico atrativo, especialmente 
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por envolver uma população diferente de fibras aferentes das vias aéreas e possuir 
mecanismos para a sua ativação diferentes dos canais TRPV1 e TRPA1 (BONVINI 





































 O uso de IECAs continua a aumentar em todo o mundo, e então, maior é a 
probabilidade dos pacientes desenvolverem os efeitos adversos desta classe sobre 
as vias respiratórias. Uma vez que a terapia farmacológica disponível para o 
tratamento desses efeitos é escassa e seu mecanismo patofisiológico não está 
totalmente elucidado é imperativo investigar novos mecanismos de modulação 
destes efeitos e apontar novos alvos terapêuticos para auxiliar a tomada de 
decisões. Evidências demonstraram que os canais iônicos TRPV1, TRPA1 e TRPV4 
são alvos farmacológicos potencialmente importantes para o tratamento de sintomas 
de algumas das principais doenças respiratórias devido a sua abundância, 
localização estratégica e função nas vias aéreas. Nesse sentido, investigamos o 
papel desses canais nos efeitos adversos induzidos por captopril, um IECA, nas vias 
aéreas de ratos, visando o fornecimento de informações para nortear estratégias 
terapêuticas efetivas no futuro. 
 
2.2 OBJETIVO GERAL 
  
 Investigar se canais iônicos TRPs estão envolvidos nas alterações das vias 
aéreas de ratos induzidas por captopril. 
 
2.3 OBJETIVOS ESPECÍFICOS 
 
 - Avaliar farmacologicamente o papel dos canais TRPV1, TRPA1 E TRPV4, 
na hiperresponsividade brônquica e extravasamento plasmático induzido pelo 
tratamento com captopril, usando agonistas e antagonistas desses canais; 
 
 - Avaliar se a dessensibilização de neurônios sensoriais das vias aéreas, 
onde os canais TRPV1, TRPA1 E TRPV4 estão co-expressos, amenizam as 
respostas inflamatórias induzidas pelo IECA; 
 
 - Identificar se a bradicinina atua na via de sinalização pela qual captopril 
sensibiliza esses canais; 
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 - Identificar possíveis diferenças entre a via de administração (intravenosa e 
oral) e o tempo de tratamento (agudo e subcrônico) na broncoconstrição e 
inflamação pulmonar induzida por captopril; 
 
 - Avaliar possíveis alterações histológicas e fenotípicas nos pulmões de ratos 
submetidos a diferentes regimes de tratamento com captopril;  
 
 Todos os protocolos experimentais e a análise estatística empregada nesta 
tese estão descritos de maneira detalhada nos artigos científicos que a compõe. No 
entanto, resumidamente, os objetivos foram alcançados empregando:  
 
 - Um modelo animal in vivo (ratos Wistar machos) para avaliação da 
resistência das vias aéreas e do extravasamento plasmático, de modo a permitir a 
investigação direta do envolvimento dos TRPV1, TRPA1 e TRPV4 através de 
ferramentas farmacológicas; 
 
- A metodologia de contagem total de leucócitos no lavado broncoalveolar; 
 
- A técnica de histologia para investigar alterações inflamatórias nos pulmões; 
 
- A técnica de imunohistoquímica para investigar alterações nos padrões 
fenotípicos nos pulmões;  
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Angiotensin-converting enzyme inhibitors (ACEis) may cause adverse airway events, 
such as cough and angioedema, due to a reduction in bradykinin breakdown and 
consequent activation of bradykinin type 2 receptor (B2 receptor). However, it is also 
documented that bradykinin can sensitize transient receptor potential ankyrin 1 
(TRPA1) and vanilloid 4 (TRPV4), which are implicated in several inflammatory 
airway diseases. Based on these considerations, the aim of this study was to 
understand the role of TRPA1 and TRPV4 channels in the bronchoconstrictive 
response and plasma extravasation in the trachea of rats pretreated with captopril. 
Using methods to detect alterations in airway resistance and plasma extravasation, 
we found that intravenous (i.v.) administration of bradykinin (0.03–0.3 µmol/kg), allyl 
isothiocyanate (100–1000 µmol/kg) or GSK1016790A (0.01–0.1 µmol/kg), but not 
des-arg9-bradykinin (DABK; 100–300 µmol/kg), induced bronchoconstriction in 
anaesthetized rats. In doses that did not cause significant bronchoconstriction, 
bradykinin (0.03 µmol/kg) or allyl isothiocyanate (100 µmol/kg), but not 
GSK1016790A (0.01 µmol/kg) or DABK (300 µmol/kg) induced an increased 
bronchoconstrictive response in rats pretreated with captopril (2.5 mg/kg, i.v.). On the 
other hand, in rats pretreated with captopril (5 mg/kg, i.v.), an increased 
bronchoconstrictive response to GSK1016790A (0.01 µmol/kg) was observed. The 
bronchoconstrictive response induced by bradykinin in captopril-pretreated rats was 
inhibited by intratracheal treatment (i.t.) with HC030031 (300 µg/50 µl; 36 ± 9%) or 
HC067047 (300 µg/50 µl; 35.1 ± 16%), for TRPA1 and TRPV4 antagonists, 
respectively. However, the co-administration of both antagonists did not increase this 
inhibition. The bronchoconstriction induced by allyl isothiocyanate in captopril-
pretreated rats (2.5 mg/kg) was inhibited (58.3 ± 8%) by the B2 receptor antagonist 
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HOE140 (10 nmol/50 µl, i.t.). Similarly, the bronchoconstriction induced by 
GSK1016790A in captopril-pretreated rats (5 mg/kg) was also inhibited (84.2 ± 4%) 
by the B2 receptor antagonist HOE140 (10 nmol/50 µl, i.t.). Furthermore, the plasma 
extravasation induced by captopril on the trachea of rats was inhibited by 
pretreatment with HC030031 (47.2 ± 8%) or HC067047 (38.9 ± 8%). Collectively, 
these findings support the hypothesis that TRPA1 and TRPV4, via a B2 receptor 
activation-dependent pathway, are involved in the plasma extravasation and 
bronchoconstriction induced by captopril, making them possible pharmacological 
targets to prevent or remediate ACEi-induced adverse respiratory reactions. 
Keywords: TRPA1; TRPV4; captopril; bradykinin 
Abbreviations: ACEis: angiotensin-converting enzyme inhibitors; ACE: angiotensin-
converting enzyme; ANOVA: analysis of variance; ATP: adenosine triphosphate; B1 
receptor: bradykinin receptor type 1; B2 receptor: bradykinin receptor type 2; DABK: 
des-arg9-bradykinin; DMSO: dimethyl sulfoxide; Fig.: figure; i.p.: intraperitoneal 
administration; i.t.: intratracheal administration; i.v.: intravenous administration; NaCl: 
Sodium chloride; P2X3: P2X purinoceptor 3; s.e.m.: standard error of the mean; 
TRPA1: transient potential receptor ankyrin 1; TRPV1: transient potential receptor 




1. Introduction  
 
Although studies underline that angiotensin-converting enzyme inhibitors (ACEis) 
cause adverse airway events due to a reduction in bradykinin breakdown and 
consequent activation of bradykinin type 2 receptor (B2 receptor) [1], recently, de 
Oliveira and collaborators suggested that transient receptor potential vanilloid 1 
(TRPV1) could also be involved in these actions [2]. In general, TRPV1, TRP ankyrin 
1 (TRPA1) and TRP vanilloid 4 (TRPV4) channels acts as molecular integrators of 
multiple types of noxious stimuli and are co-expressed in primary sensory afferents of 
airways, playing a role in physiological and pathological processes [3–6]. However, it 
has not yet been investigated whether TRPA1 and TRPV4 are also involved in the 
adverse effects in airways induced by ACEis. Similar to TRPV1, TRPA1 and TRPV4 
can be sensitized by bradykinin in in vitro and in vivo experiments [7–9]. In fact, 
activation of the B2 receptor by bradykinin mediates the release of key intracellular 
messengers to sensitize TRPA1 and TRPV4 [10–12].  
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TRPA1 is an ion channel known to be activated by constituents of air pollution, 
pungent ingredients such as isothiocyanates, oxidation, noxious cold and acute 
noxious heat sensation [13–15]. In the airways, several compounds have been 
demonstrated to stimulate TRPA1 and induce neurogenic inflammation, such as N-
acetyl-p-benzo-quinoneimine, a metabolite of acetaminophen, cigarette smoke and 
environmental pollutants such as crotonaldehyde and acrolein [16, 17]. Besides 
bradykinin, TRPA1 activity can be modulated by other endogenous activators 
including reactive oxygen and nitrogen species induced during tissue damage via 
lipid peroxidation, such as 4-hydroxy-2-nonenal, 5,6-epoxyeicosatrienoic acid, 15-
deoxy-∆12,14-prostaglandin J2 and nitrooleic acid [6, 13, 18, 19]. In addition, 
intracellular calcium and the activation of protease-activated receptor 2 also 
modulate the channel [18].  
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While TRPA1 activation releases pro-inflammatory sensory neuropeptides of vagal 
bronchopulmonary C-fibres, leading to cough, bronchoconstriction and bronchus 
hyperreactivity in humans and animal models [7, 14, 20], TRPV4 also promotes 
similar responses but by a different mechanism [21, 22]. The TRPV4 channel is 
activated by osmotic changes (hypotonicity), moderate temperatures (>24 °C), 
mechanical perturbations, pH, arachidonic acid metabolites, moderate heat, phorbol 
ester (4α-PDD) and by GSK1016790A, a selective and potent agonist widely used as 
a pharmacological tool [21, 23–25]. Studies have demonstrated that TRPV4 
-fibres but not C-fibres [7]. This distinct 
neurobiology seems to involve the TRPV4–ATP–P2X3 signalling pathway [7]. 
McAlexander and collaborators also showed that TRPV4 activation contracts the 
human bronchus by a mechanism depending on the production of cysteinyl 
leukotrienes [22]. For this reason, the TRPV4 blockade has also been considered a 
differentiated target in the treatment of lung diseases [21]. Based on these 
considerations, the aim of this study was to understand the role of TRPA1 and 
TRPV4 in the bronchoconstrictive response and plasma extravasation in the trachea 
of rats pretreated with captopril. 
 
2. Material and methods 
 
2.1 Animals  
Male adult Wistar rats weighing 250 - 300g were used in our experiments. A 
maximum of four rats were group-housed. Animals were maintained in a room with a 
controlled temperature (21 ± 2 ºC) under a 12 h light/dark cycle (lights on at 6 a.m.). 
Food and water were provided ad libitum. Rats were randomly assigned before 
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treatment and the number of animals used in the study was the minimum necessary 
to obtain consistent data. This study is in compliance with the ARRIVE guidelines, as 
previously reported by Kilkenny and collaborators [26], and all experimental 
procedures were approved by the Institutional Committee for Animal Care and Use of 
Federal University of Paraná (Protocols number 800/2016 and 1160/2018). A 
common procedure in all protocols was intraperitoneal anaesthesia with ketamine 
(50 mg/kg) and xylazine (10 mg/kg). After induction of anaesthesia, a surgical 
procedure was performed to insert a cannula into the cervical portion of the trachea 
of the rats. The cannula was then fixed in place with suture wire and connected to 
artificial ventilation using room air (Ugo Basile Rodent Ventilator model 7025; 50 
strokes/min; 10 ml/kg of room air; Ugo Basile, Comerio, Varese, Italy) [2, 27].  
2.2 Evaluation of bronchoconstrictive response in captopril-pretreated animals 
The bronchoconstrictive response was evaluated using methods to measure airway 
resistance. A bronchospasm transducer (Ugo Basile Bronchospasm Transducer 
17020, Ugo Basile, Italy) was used, following the Konzett and Rossler air overflow 
technique [28] and Amdur and Mead method [29] in anaesthetized rats. The 
transducer was connected to a data acquisition system (DataCapsule-Evo Digital 
Recorder 17308, Ugo Basile, Italy) with LabScribe3TM recording and analysis 
software onboard. The anaesthetized animals underwent a stabilization period of at 
least 10 min before the treatments and the evaluation. The results were expressed 
as the increase in airway resistance (volume-displacement of H2O/ml) above the 
baseline value that was measured prior to drug administration, a measure of 
bronchoconstriction [30]. 
Initially, we performed dose–response curves for the B1 receptor, B2 receptor, TRPA1 
or TRPV4 agonists. Specifically, intravenous (i.v.) doses of des-arg9-bradykinin 
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(DABK; 100–300 µmol/kg; a B1 receptor agonist) [31], bradykinin (0.03–0.3 µmol/kg; 
a B2 receptor agonist) [32–34], allyl isothiocyanate (100–1000 µmol/kg; a TRPA1 
agonist) [16, 20, 35] and GSK1016790A (0.01–0.1 µmol/kg; a TRPV4 agonist) [36, 
37] were injected into animals not treated with captopril. In order to evaluate whether 
doses of the agonists incapable of promoting a bronchoconstrictive response, per se, 
could promote bronchoconstriction in the captopril-pretreated rats, DABK (300 
µmol/kg), bradykinin (0.03 µmol/kg), allyl isothiocyanate (100 µmol/kg) or 
GSK1016790A (0.01 µmol/kg) was injected (i.v.) 10 min after captopril administration 
(2.5 mg/kg, i.v.) [2, 38]. The choice of the dose of captopril was based on previous 
data described in the literature in the plasma extravasation model [2, 38]. Next, using 
the same experimental protocol, captopril (5 mg/kg, i.v.) was administered; 10 min 
after that the animals received a GSK1016790A injection (0.01 µmol/kg, i.v.) and the 
bronchoconstrictive response was evaluated. In another set of experiments, the 
TRPA1 antagonist HC030031 (300 µg/50 µl) and TRPV4 antagonist HC067047 (300 
µg/50 µl) [16, 39], separately or in association, the B2 receptor antagonist HOE140 
(10 nmol/50 µl) [2] or their respective vehicles were administered intratracheally (i.t.) 
15 min prior to captopril (2.5 or 5 mg/kg). Ten minutes after the administration of 
captopril, bradykinin (0.03 µmol/kg; i.v.), allyl isothiocyanate (100 µmol/kg; i.v.) or 
GSK1016790A (0.01 µmol/kg; i.v.) was administered and the bronchoconstrictive 
response was evaluated. 
2.3 Plasma protein extravasation  
In order to investigate the roles of TRPA1 and TRPV4 channels in captopril-induced 
plasma extravasation in the airways of rats, the animals were first pretreated with the 
selective TRPA1 antagonist HC030031 (300 µg/50 µl), the TRPV4 antagonist 
HC067067 (300 µg/50 µl) or vehicle (0.9% NaCl composed of 7.5% DMSO and 7.5% 
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Tween 80) via the i.t. route. Evans Blue dye (30 mg/kg, i.v.) and captopril (2.5 mg/kg, 
i.v.) were administered 15 min after the antagonist pretreatment [2]. Ten minutes 
after administration of captopril, transcardiac perfusion with 0.9% NaCl was 
performed by inserting a cannula into the left ventricle directed towards the aorta in 
rats previously anaesthetized. The tracheae of the animals were removed, cleaned of 
connective tissues, washed and weighed and then incubated in 1 ml of formamide for 
dye extraction. The samples were kept for approximately 24 h at room temperature in 
the dark. The amount of dye extracted was measured by a spectrophotometer (620 
nm) and interpolated on a standard dilution curve, expressing the data as 
micrograms of dye per gram of tissue (µg/g) [2, 40]. 
2.4 Drugs and reagents 
The following drugs were used: allyl isothiocyanate, bradykinin, captopril, DABK, 
Evans blue dye, GSK1016790A, HC030031, HC067047 and HOE140, all of which 
were purchased from Sigma Chemical Co., St. Louis, USA. Evans blue dye, 
bradykinin, captopril and HOE140 were prepared in 0.9% NaCl. The allyl 
isothiocyanate and GSK1016790A solutions were made using 0.9% NaCl containing 
0.5%-1% of dimethyl sulfoxide (DMSO). HC030031 and HC067047 solutions were 
made using 0.9% NaCl composed of 7.5% DMSO and 7.5% Tween 80. The solutions 
were diluted on the day of the experiment just prior to use.  
2.5 Statistical analysis 
Results are reported as the mean ± standard error of mean (s.e.m.). The number of 
animals for each experimental group (n) is described in detail in the figure legends 
and the necessary sample size was previously calculated using GPower 3.1. The 
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normality assumption was tested by Shapiro-Wilk Normality test. Statistical 
significance between the groups was assessed by means of one-way analysis of 
variance (ANOVA) followed by Student–Newman–Keuls test or by unpaired 
Student’s t test, using GraphPad Prism software, versions 5.01 and 6.01. For all 
comparisons, values of P ≤ 0.05 were considered statistically significant. 
3. Results 
  
3.1 Characterization of the bronchoconstrictive responses induced by B1 
receptor, B2 receptor, TRPA1 and TRPV4 agonists 
As shown in Fig. 1, the administration of bradykinin (0.03–0.3 µmol/kg; Fig. 1A), allyl 
isothiocyanate (100–1000 µmol/kg; Fig. 1B) or GSK1016790A (0.01–0.1 µmol/kg; 
Fig. 1C) induced a bronchoconstrictive response in a dose-dependent manner as 
compared with the vehicle-treated control group. 
In contrast, the B1 receptor agonist DABK did not cause significant 
bronchoconstriction at the doses tested (100–300 µmol/kg; i.v.; data not shown). The 
dose of each agonist that did not promote bronchoconstriction, per se, was selected 




Fig. 1: Effects of increasing doses of intravenous bradykinin (A; 0.03 – 0.3 µmol/kg; 
B2 receptor agonist), allyl isothiocyanate (B; 100 – 1000 µmol/kg; TRPA1 agonist) or 
GSK1016790A (C; 0.01 – 0.1 µmol/kg; TRPV4 agonist) on rat airways. Airway 
resistance (AR) is expressed as the increase in AR above the baseline value 
measured prior to drug administration. *denotes a significant increase in AR and 
significant difference from the vehicle-treated group (Veh), corresponding to P ≤0.05 
(one-way ANOVA followed by Student-Newman-Keuls test). Veh (vehicle): n = 7; 
Bradykinin 0.03, 0.01 and 0.3 µmol/kg: n = 8 for each group; Allyl isothiocyanate 100, 
300 and 1000 µmol/kg: n = 7 for each group; GSK1016790A 0.01, 0.03 and 0.1 
µmol/kg: n = 8 for each group. 
 
3.2 Characterization of the bronchoconstrictive responses induced by B1 
receptor, B2 receptor, TRPA1 and TRPV4 agonists in captopril-pretreated rats 
In a different set of experiments, in doses that did not cause significant 
bronchoconstriction, bradykinin (0.03 µmol/kg, i.v., Fig. 2A) or allyl isothiocyanate 
(100 µmol/kg, i.v., Fig. 2B), but not GSK1016790A (0.01 µmol/kg, i.v., Fig. 2C) or 
DABK (300 µmol/kg, i.v., data not shown) induced an increased bronchoconstrictive 
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response in rats pretreated with captopril (2.5 mg/kg, i.v.). On the other hand, the 
pretreatment with captopril (5 mg/kg, i.v.) was able to increase the 
bronchoconstriction induced by GSK1016790A (0.01 µmol/kg, i.v.) (Fig. 2D). 
 
Fig. 2: Effects of acute treatment of captopril on rat airway resistance. Bradykinin 
(0.03 µmol/kg, A), allyl isothiocyanate (100 µmol/kg, B) or GSK1016790A (0.01 
µmol/kg, C and D) were injected 10 min after intravenous pretreatment with 2.5mg/kg 
or 5 mg/kg captopril (CAP, D). Airway resistance (AR) is expressed as the increase in 
AR above the baseline value measured in the groups treated with the agonist plus 
saline (captopril vehicle). * denotes a significant difference (P ≤0.05) from the vehicle-
treated group (Veh) (unpaired Student’s t test). Veh (vehicle): n = 7; Bradykinin + 
CAP 2.5 mg/kg: n = 7; Allyl isothiocyanate + CAP 2.5 mg/kg: n = 8; GSK1016790A + 




3.3 Effects of B2 receptor, TRPA1 and TRPV4 antagonists on the 
bronchoconstrictive responses induced by bradykinin, allyl isothiocyanate or 
GSK1016790A in captopril-pretreated rats  
The bronchoconstriction induced by bradykinin (0.03 µmol/kg, i.v.) in captopril-
pretreated rats (2.5 mg/kg, i.v.) was significantly inhibited by i.t. administration of 
HC030031 (300 µg/50 µl; Fig. 3A) or HC067047 (300 µg/50 µl; Fig. 3B). The 
combined administration of HC030031 plus HC067047 did not potentiate this effect 
(Fig. 3C). In addition, HOE140 (10 nmol/50 µl, i.t.) markedly prevented the 
bronchoconstriction induced by allyl isothiocyanate (100 µmol/kg, i.v., Fig. 4A) or 
GSK1016790A (0.01 µmol/kg, i.v., Fig. 4B) in animals pretreated with captopril (2.5 





Fig. 3: Effects of TRPA1 or TRPV4 antagonism on the increased airway resistance 
(AR) induced by bradykinin (0.03 µmol/kg) after the acute pre-administration of 
captopril (2.5 mg/kg). The TRPA1 antagonist HC030031 (300 µg/50 µl, A) and 
TRPV4 antagonist HC067047 (300 µg/50 µl, B), separately and combined (C), were 
given intratracheally 15 min before captopril intravenous pre-treatment. Bradykinin 
injection was performed 10 min after. * denotes a significant difference (P ≤ 0.05) 
from the vehicle-pretreated group 15 min before captopril and bradykinin injection 
(Veh1). # denotes a significant difference from the vehicle-pretreated group 15 min 
before pre-injection of captopril vehicle and bradykinin (Veh) (one-way ANOVA 
followed by Student-Newman-Keuls test). Veh (vehicle): n = 7; Veh1: n = 7; 






Fig. 4: Effects of B2 receptor antagonism on the increased airway resistance (AR) 
induced by allyl isothiocyanate (100 µmol/kg) or GSK1016790A (0.01 µmol/kg) after 
acute pretreatment of captopril (2.5mg/kg or 5mg/kg, respectively). HOE140 (10 
nmol/50 µl) was given intratracheally 15 min before captopril intravenous 
pretreatment. Ten minutes after the ACE inhibitor treatment, an injection of allyl 
isothiocianate or GSK1016790A were performed. * denotes a significant difference 
(P ≤ 0.05) from the vehicle-pretreated group 15 min before injection of captopril 
(Veh1). # denotes a significant difference from the vehicle-pretreated group 15 min 
before injection of captopril vehicle (Veh) (one-way ANOVA followed by Student-
Newman-Keuls test). Veh: n = 7; Veh1: n = 7; HOE140 n = 7.  
 
3.4 Effects of TRPA1 and TRPV4 antagonists on plasma extravasation in the 
tracheae of captopril-pretreated rats 
The administration of captopril (2.5 mg/kg, i.v.) induced significant increases in 
plasma extravasation in the trachea (118.3 ± 16.7 µg/g) of rats when compared with 
the vehicle-treated group. Pretreatment with HC030031 (300 µg/50 µl, i.t.) 15 min 
prior to captopril treatment markedly inhibited this plasma extravasation (62.4 ± 10 
µg/g; Fig. 5A) when compared to vehicle-pretreated rats. Similarly, captopril-induced 
plasma extravasation in the trachea was also effectively attenuated by i.t. 
pretreatment with HC067047 (300 µg/50 µl) 15 min prior to captopril administration, 





Fig. 5: Effects of TRPA1 and TRPV4 antagonism on the airway plasma extravasation 
induced by captopril. HC030031 (300 µg/50 µl, A) or HC067047 (300 µg/50 µl, B) 
was given intratracheally 15 min before intravenous pretreatment of Evans blue dye 
and captopril (2.5mg/kg; administered immediately after Evans blue). The trachea 
was excised 10 min later. * denotes a significant difference (P ≤ 0.05) from the 
vehicle-pretreated group 15 min before captopril (Veh1). # denotes a significant 
difference from the vehicle-pretreated group 15 min before captopril vehicle (Veh) 
(one-way ANOVA followed by Student-Newman-Keuls test). Veh: n = 10; Veh1: n = 
10; HC030031: n = 10; HC067047: n = 10. 
 
4. Discussion 
In the present study, we have demonstrated that bradykinin induces 
bronchoconstriction in rat airways. These data are consistent with previous studies 
reported by Greenberg et al. and Lau et al. that showed the same responses in 
guinea pig airways [32, 41]. On the other hand, our data also demonstrate that 
administration of the selective B1 receptor agonist DABK does not elicit 
bronchoconstriction (data not shown). It is well known that B1 receptor, unlike B2 
receptor, is normally absent under physiological conditions, a fact that could explain 
the lack of responsiveness to DABK [42, 43]. However, these results further reinforce 
the notion that bradykinin plays a crucial role in airway function. 
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Our results also showed the importance of TRPA1 and TRPV4 in airway function. 
Previous data have demonstrated the role of these receptors in the respiratory tract 
[19] and, here, we demonstrated in an animal model that these channels are also 
involved in the bronchoconstrictive response. We found that allyl isothiocyanate and 
GSK1016790A, TRPA1 and TRPV4 channel agonists, respectively, promoted 
bronchoconstriction in rats in a dose-dependent manner, thus confirming that both 
receptors are able to modulate airway alterations. 
In addition, we also investigated when these channels could be involved in the 
adverse respiratory reactions induced by ACEis therapy. First, we demonstrated that 
the captopril does not promote bronchoconstriction in anaesthetized ventilated rats 
(data not shown) but does appear to mediate alterations on the respiratory tract via 
modulation of B2 receptor. In fact, here we observed that captopril pretreatment 
increased the bronchoconstrictive response to bradykinin, an effect that was inhibited 
by the B2 receptor antagonist. 
Interestingly, captopril also increased the bronchoconstrictive response induced by a 
low dose of allyl isothiocyanate, a TRPA1 agonist. Considering that the TRPA1 
channel is co-expressed with B2 receptor in peptidergic primary afferent fibres [44], it 
is possible that a reduction in bradykinin breakdown, promoted by ACE inhibition, 
could modulate the TRPA1 in the airways. In fact, TRPA1 may be sensitized by 
bradykinin through activation of B2 receptor [8, 45, 46]. Therefore, in this study, 
bradykinin could have phosphorylated the TRPA1 channel, reducing its activation 
threshold and thus resulting in bronchoconstriction. 
Similarly, studies have shown that TRPV4 activation may be potentiated by 
bradykinin in HEK 293 cells [11] and that bradykinin can also sensitize TRPV4 to 
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induce mechanical hyperalgesia in mice [9]. In this study, we observed that treatment 
with 5 mg/kg captopril, but not 2.5 mg/kg, increased the bronchoconstriction induced 
by GSK1016790A stimulus. This result supports the hypothesis that the captopril 
effect on enhancing bronchoconstriction occurs in a dose-dependent manner and 
that bradykinin plasma levels after treatment with 2.5 mg/kg of captopril were 
insufficient to alter the activation threshold of TRPV4 and cause bronchoconstriction. 
Thus, although TRPA1 and TRPV4 are co-expressed with B2 receptor in primary 
afferent fibres [44], the modulation of TRPV4 in the airways appears to be different 
from that of TRPA1, and higher bradykinin levels may be required to promote TRPV4 
activation and induce bronchoconstriction. Furthermore, unlike TRPA1 and TRPV1, 
the function of TRPV4 in peripheral sensory neurons in the lungs has not been well 
explored and the activation pathways of this channel seem to be different from those 
of the other TRPs [46]. 
In order to continue exploring the role of TRPA1 and TRPV4 in the adverse airway 
effects induced by ACE inhibition, we demonstrated that antagonism of these 
channels may offer benefits in controlling the bronchoconstrictive responses induced 
by bradykinin in captopril-pretreated rats. Our data show that the bronchoconstriction 
induced by bradykinin in captopril-pretreated rats was markedly diminished by the 
TRPA1 antagonist. Thus, this result suggested again that a possible reduction in 
bradykinin breakdown, after treatment with captopril, could modulate this channel in a 
manner dependent on activation of B2 receptor. In accordance with this hypothesis, 
Grace and collaborators showed that TRPA1 antagonism inhibits the tussive 
response to bradykinin in guinea pigs [8]. Indeed, the bronchoconstriction induced by 
allyl isothiocyanate in captopril-pretreated rats was inhibited by HOE140 
pretreatment. Thus, these findings strongly suggest a relationship between B2 
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receptor and TRPA1 channels in the adverse effects induced by captopril in rat 
airways. Interestingly, in captopril-pretreated rats the TRPV4 antagonist also inhibited 
the increased bronchoconstriction induced by bradykinin. Moreover, 
bronchoconstrictive responses induced by GSK1016790A in rats pretreated with 
captopril at the higher dose (5 mg/kg) were also inhibited by HOE140, suggesting an 
interaction between bradykinin and TRPV4.  
On the other hand, we observed that the bronchoconstrictive responses induced by 
bradykinin in captopril-pretreated rats were not potentiated by the combination of 
TRPA1 and TRPV4 antagonists. Whereas bronchoconstriction was partially mediated 
by either TRPA1 or TRPV4, that the combined administration of TRPV4 and TRPA1 
antagonists failed to show increased potency may indicate a possible role for other 
channels. Recently, De Oliveira et al. (2016) reported that TRPV1 could also be 
involved in the effects of captopril in the airways of rats [2]. Thus, the resistant 
component following the combination of TRPA1 and TRPV4 antagonists remains to 
be further elucidated. 
Plasma extravasation is another important effect induced by ACEis treatment and 
characterized by increased microvascular permeability. Reinforcing the role of 
TRPA1 and TRPV4 in the airway alterations of rats, the plasma extravasation 
induced by captopril in the tracheae of animals was inhibited by pretreatment with 
HC030031 and HC067047.  
Collectively, the data presented here support the hypothesis that TRPA1 and TRPV4, 
via a B2 receptor activation-dependent mechanism, are involved as common 
effectors in the plasma extravasation and bronchoconstriction induced by captopril, 
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making them possible pharmacological targets to prevent or remediate ACEi-induced 
adverse respiratory reactions. 
Disclosure 
The authors have no conflicts of interest to declare. 
Acknowledgements  
Fellowship support from the Conselho Nacional de Desenvolvimento Científico 
(CNPq) and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES) are acknowledged. 
Funding 
This work was supported by Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq; grant numbers 305058/2018-5 to E.A). J.R.J.M. de Oliveira is a 
postgraduate student in Pharmacology and thanks CNPq (Brazil) for the fellowship 
support. 
References  
 [1]  Fox, A.J., Lalloo, U.G., Belvisi, M.G., Bernareggi, M., Chung, K.F., Barnes, 
 P.J., 1996. Bradykinin-evoked sensitization of airway sensory nerves: A 
 mechanism for ACE-inhibitor cough. Nat. Med. 
 https://doi.org/10.1038/nm0796-814 
[2] J.R.J.M. de Oliveira, M.F. Otuki, D.A. Cabrini, I. Brusco, S.M. Oliveira, J. 
Ferreira, E. André, Involvement of the TRPV1 receptor in plasma extravasation 
in airways of rats treated with an angiotensin-converting enzyme inhibitor, 
Pulm. Pharmacol. Ther. (2016). https://doi.org/10.1016/j.pupt.2016.09.001. 
[3]  Grace, M.S., Dubuis, E., Birrell, M.A., Belvisi, M.G., 2013. Pre-clinical studies 
 in cough research: Role of Transient Receptor Potential (TRP) channels. 
 Pulm. Pharmacol. Ther. https://doi.org/10.1016/j.pupt.2013.02.007 
[4]  Nassini, R., Pedretti, P., Moretto, N., Fusi, C., Carnini, C., Facchinetti, F., 
 Viscomi, A.R., Pisano, A.R., Stokesberry, S., Brunmark, C., Svitacheva, N., 
 McGarvey, L., Patacchini, R., Damholt, A.B., Geppetti, P., Materazzi, S., 2012. 
 Transient receptor potential ankyrin 1 channel localized to non-neuronal 




[5]   Wallace, H., 2019. Airway Pathogenesis Is Linked to TRP Channels, in: 
 Neurobiology of TRP Channels. https://doi.org/10.4324/9781315152837-13 
[6]   Xia, Y., Xia, L., Lou, L., Jin, R., Shen, H., Li, W., 2018. Transient Receptor 
 Potential Channels and Chronic Airway Inflammatory Diseases: A 
 Comprehensive Review. Lung. https://doi.org/10.1007/s00408-018-0145-3 
[7] S.J. Bonvini, M.A. Birrell, M.S. Grace, S.A. Maher, J.J. Adcock, M.A. Wortley, 
E. Dubuis, Y.M. Ching, A.P. Ford, F. Shala, M. Miralpeix, G. Tarrason, J.A. 
Smith, M.G. Belvisi, Transient receptor potential cation channel, subfamily V, 
member 4 and airway sensory afferent activation: Role of adenosine 
triphosphate, J. Allergy Clin. Immunol. (2016). 
https://doi.org/10.1016/j.jaci.2015.10.044. 
[8] M. Grace, M.A. Birrell, E. Dubuis, S.A. Maher, M.G. Belvisi, Transient receptor 
potential channels mediate the tussive response to prostaglandin E2 and 
bradykinin, Thorax. (2012). https://doi.org/10.1136/thoraxjnl-2011-201443. 
[9] R. Costa, M.A. Bicca, M.N. Manjavachi, G.C. Segat, F.C. Dias, E.S. 
Fernandes, J.B. Calixto, Kinin Receptors Sensitize TRPV4 Channel and Induce 
Mechanical Hyperalgesia: Relevance to Paclitaxel-Induced Peripheral 
Neuropathy in Mice, Mol. Neurobiol. (2018). https://doi.org/10.1007/s12035-
017-0475-9. 
[10]   Al-Shamlan, F., El-Hashim, A.Z., 2019. Bradykinin sensitizes the cough reflex 
 via a B2 receptor dependent activation of TRPV1 and TRPA1 channels 
 through metabolites of cyclooxygenase and 12-lipoxygenase. Respir. Res. 
 https://doi.org/10.1186/s12931-019-1060-8 
[11] Fan, H.C., Zhang, X., McNaughton, P.A., 2009. Activation of the TRPV4 ion 
channel is enhanced by phosphorylation. J. Biol. Chem. 
https://doi.org/10.1074/jbc.M109.028803 
[12] Bessac, B.F., Jordt, S.E., 2008. Breathtaking TRP channels: TRPA1 and TRPV1 
in airway chemosensation and reflex control. Physiology. 
https://doi.org/10.1152/physiol.00026.2008 
[13] P. Geppetti, R. Patacchini, R. Nassini, S. Materazzi, Cough: The emerging role 
of the trpa1 channel, in: Lung, 2010. https://doi.org/10.1007/s00408-009-9201-
3. 
[14] S.J. Bonvini, M.G. Belvisi, Cough and airway disease: The role of ion channels, 
Pulm. Pharmacol. Ther. (2017). https://doi.org/10.1016/j.pupt.2017.06.009. 
[15]  Vandewauw, I., De Clercq, K., Mulier, M., Held, K., Pinto, S., Van Ranst, N., 
Segal, A., Voet, T., Vennekens, R., Zimmermann, K., Vriens, J., Voets, T., 
Correction: A TRP channel trio mediates acute noxious heat sensing, Nature 
(2018). https://doi.org/10.1038/nature26137.  
[16] E. Andrè, B. Campi, S. Materazzi, M. Trevisani, S. Amadesi, D. Massi, C. 
Creminon, N. Vaksman, R. Nassini, M. Civelli, P.G. Baraldi, D.P. Poole, N.W. 
62 
 
Bunnett, P. Geppetti, R. Patacchini, Cigarette smoke-induced neurogenic 
inflammation is mediated by α,β-unsaturated aldehydes and the TRPA1 
receptor in rodents, J. Clin. Invest. (2008). https://doi.org/10.1172/JC134886. 
[17] R. Nassini, S. Materazzi, E. Andrè, L. Sartiani, G. Aldini, M. Trevisani, C. 
Carnini, D. Massi, P. Pedretti, M. Carini, E. Cerbai, D. Preti, G. Villetti, M. 
Civelli, G. Trevisan, C. Azzari, S. Stokesberry, L. Sadofsky, L. McGarvey, R. 
Patacchini, P. Geppetti, Acetaminophen, via its reactive metabolite N-acetyl-p-
benzo-quinoneimine and transient receptor potential ankyrin-1 stimulation, 
causes neurogenic inflammation in the airways and other tissues in rodents, 
FASEB J. (2010). https://doi.org/10.1096/fj.10-162438. 
[18]  Chen, J., Hackos, D.H., 2015. TRPA1 as a drug target - Promise and   
 challenges. Naunyn. Schmiedebergs. Arch. Pharmacol. 
 https://doi.org/10.1007/s00210-015-1088-3 
[19] M.G. Belvisi, M.A. Birrell, The emerging role of transient receptor potential 
channels in chronic lung disease, Eur. Respir. J. (2017). 
https://doi.org/10.1183/13993003.01357-2016. 
[20] E. Andrè, R. Gatti, M. Trevisani, D. Preti, P.G. Baraldi, R. Patacchini, P. 
Geppetti, Transient receptor potential ankyrin receptor 1 is a novel target for 
pro-tussive agents, Br. J. Pharmacol. (2009). https://doi.org/10.1111/j.1476-
5381.2009.00438.x. 
[21] Benemei, S., Patacchini, R., Trevisani, M., Geppetti, P., 2015. TRP channels. 
Curr. Opin. Pharmacol. https://doi.org/10.1016/j.coph.2015.02.006 
[22] McAlexander, M.A., Luttmann, M.A., Hunsberger, G.E., Undem, B.J., 2014. 
Transient receptor potential vanilloid 4 activation constricts the human bronchus 
via the release of cysteinyl leukotrienes. J. Pharmacol. Exp. Ther. 
https://doi.org/10.1124/jpet.113.210203 
[23] Baratchi, S., Keov, P., Darby, W.G., Lai, A., Khoshmanesh, K., Thurgood, P., 
Vahidi, P., Ejendal, K., McIntyre, P., 2019. The TRPV4 agonist GSK1016790A 
regulates the membrane expression of TRPV4 channels. Front. Pharmacol. 
https://doi.org/10.3389/fphar.2019.00006 
[24] B. Nilius, J. Vriens, J. Prenen, G. Droogmans, T. Voets, TRPV4 calcium entry 
channel: A paradigm for gating diversity, Am. J. Physiol. - Cell Physiol. (2004). 
https://doi.org/10.1152/ajpcell.00365.2003. 
[25] J. Zheng, Molecular mechanism of TRP channels, Compr. Physiol. (2013). 
https://doi.org/10.1002/cphy.c120001. 
[26] C. Kilkenny, W.J. Browne, I.C. Cuthill, M. Emerson, D.G. Altman, Improving 
bioscience research reporting: The arrive guidelines for reporting animal 
research, Animals. (2013). https://doi.org/10.3390/ani4010035. 
[27] C. Valenti, C. Cialdai, S. Giuliani, A. Lecci, M. Tramontana, S. Meini, L. 
Quartara, C.A. Maggi, MEN16132, a novel potent and selective nonpeptide 
kinin B2 receptor antagonist: In vivo activity on bradykinin-induced 
63 
 
bronchoconstriction and nasal mucosa microvascular leakage in anesthetized 
guinea pigs, J. Pharmacol. Exp. Ther. (2005). 
https://doi.org/10.1124/jpet.105.088252. 
[28] H. Konzett, R. Rössler, Versuchsanordnung zu Untersuchungen an der 
Bronchiàlmuskulatur, Naunyn. Schmiedebergs. Arch. Exp. Pathol. Pharmakol. 
(1940). https://doi.org/10.1007/BF01861842. 
[29] M.Amdur, J. Mead, Mechanics of respiration in unanesthetized guinea pigs, 
Am. J. Physiol. (1958). https://doi.org/10.1152/ajplegacy.1958.192.2.364. 
[30] D.J. Dusser, E. Umeno, P.D. Graf, T. Djokic, D.B. Borson, J.A. Nadel, Airway 
neutral endopeptidase-like enzyme modulates tachykinin-induced 
bronchoconstriction in vivo, J. Appl. Physiol. (1988). 
https://doi.org/10.1152/jappl.1988.65.6.2585. 
[31] L.S. Jin, E. Seeds, C.P. Page, M. Schachter, Inhibition of bradykinin-induced 
bronchoconstriction in the guinea-pig by a synthetic B2 receptor antagonist, Br. 
J. Pharmacol. (1989). https://doi.org/10.1111/j.1476-5381.1989.tb11991.x. 
[32] R. Greenberg, G.H. Osman, E.H. O’Keefe, M.J. Antonaccio, The effects of 
captopril (SQ 14,225) on bradykinin-induced bronchoconstriction in the 
anesthetized guinea pig, Eur. J. Pharmacol. (1979). 
https://doi.org/10.1016/0014-2999(79)90491-6. 
[33] A. Subissi, M. Guelfi, M. Criscuoli, Angiotensin converting enzyme inhibitors 
potentiate the bronchoconstriction induced by substance P in the guinea-pig, 
Br. J. Pharmacol. (1990). https://doi.org/10.1111/j.1476-5381.1990.tb15837.x. 
[34] M. Arakawa, M. Majima, K. Nagai, F. Goto, M. Katori, Role of tachykinins in 
enhancement of bradykinin-induced bronchoconstriction by captopril, Inflamm. 
Res. (1996). https://doi.org/10.1007/BF02265119. 
[35] Y. Iwasaki, M. Tanabe, K. Kobata, T. Watanabe, TRPA1 agonists - Allyl 
isothiocyanate and cinnamaldehyde - Induce adrenaline secretion, Biosci. 
Biotechnol. Biochem. (2008). https://doi.org/10.1271/bbb.80289. 
[36] R.N. Willette, W. Bao, S. Nerurkar, T.I. Yue, C.P. Doe, G. Stankus, G.H. 
Turner, H. Ju, H. Thomas, C.E. Fishman, A. Sulpizio, D.J. Behm, S. Hoffman, 
Z. Lin, I. Lozinskaya, L.N. Casillas, M. Lin, R.E.L. Trout, B.J. Votta, K. 
Thorneloe, E.S.R. Lashinger, D.J. Figueroa, R. Marquis, X. Xu, Systemic 
activation of the transient receptor potential vanilloid subtype 4 channel causes 
endothelial failure and circulatory collapse: Part 2, J. Pharmacol. Exp. Ther. 
(2008). https://doi.org/10.1124/jpet.107.134551. 
[37] Q. Gu, C.R. Moss, K.L. Kettelhut, C.A. Gilbert, H. Hu, Activation of TRPV4 
regulates respiration through indirect activation of bronchopulmonary sensory 
neurons, Front. Physiol. (2016). https://doi.org/10.3389/fphys.2016.00065. 
[38] C. Emanueli, E.F. Grady, P. Madeddu, M. Figini, N.W. Bunnett, D. Parisi, D. 
Regoli, P. Geppetti, Acute ACE inhibition causes plasma extravasation in mice 




[39] G. Trevisan, C. Hoffmeister, M.F. Rossato, S.M. Oliveira, M.A. Silva, C.R. 
Silva, C. Fusi, R. Tonello, D. Minocci, G.P. Guerra, S. Materazzi, R. Nassini, P. 
Geppetti, J. Ferreira, TRPA1 receptor stimulation by hydrogen peroxide is 
critical to trigger hyperalgesia and inflammation in a model of acute gout, Free 
Radic. Biol. Med. (2014). https://doi.org/10.1016/j.freeradbiomed.2014.04.021. 
[40] R. Tonello, C. Fusi, S. Materazzi, I.M. Marone, F. De Logu, S. Benemei, M.C. 
Gonçalves, E. Coppi, C.J. Castro-Junior, M.V. Gomez, P. Geppetti, J. Ferreira, 
R. Nassini, The peptide Phα1β, from spider venom, acts as a TRPA1 channel 
antagonist with antinociceptive effects in mice, Br. J. Pharmacol. (2017). 
https://doi.org/10.1111/bph.13652. 
[41] W.A.K. Lau, M.P. Rechtman, A.L.A. Boura, R.G. King, Synergistic potentiation 
by captopril and propranolol of bradykinin‐induced bronchoconstriction in the 
guinea‐pig, Clin. Exp. Pharmacol. Physiol. (1989). 
https://doi.org/10.1111/j.1440-1681.1989.tb01524.x. 
[42] G.N. Prado, L. Taylor, X. Zhou, D. Ricupero, D.F. Mierke, P. Polgar, 
Mechanisms regulating the expression, self-maintenance, and signaling-
function of the bradykinin B2 and B1 receptors, J. Cell. Physiol. (2002). 
https://doi.org/10.1002/jcp.10175. 
[43] J.B. Calixto, R. Medeiros, E.S. Fernandes, J. Ferreira, D.A. Cabrini, M.M. 
Campos, Kinin B 1 receptors: Key G-protein-coupled receptors and their role in 
inflammatory and painful processes, Br. J. Pharmacol. (2004). 
https://doi.org/10.1038/sj.bjp.0706012. 
[44] N.A. Veldhuis, D.P. Poole, M. Grace, P. McIntyre, N.W. Bunnett, The g 
protein–coupled receptor–transient receptor potential channel axis: Molecular 
insights for targeting disorders of sensation and inflammation, Pharmacol. Rev. 
(2015). https://doi.org/10.1124/pr.114.009555. 
[45] M. Bandell, G.M. Story, S.W. Hwang, V. Viswanath, S.R. Eid, M.J. Petrus, T.J. 
Earley, A. Patapoutian, Noxious cold ion channel TRPA1 is activated by 
pungent compounds and bradykinin, Neuron. (2004). 
https://doi.org/10.1016/S0896-6273(04)00150-3. 
[46] M.A. Wortley, M.A. Birrell, M.G. Belvisi, Drugs Affecting TRP Channels, in: 









3.2 MANUSCRITO ORIGINAL 2 
 A ser submetido.  
 
TRPV1 CHANNEL IS ESSENTIAL FOR AIRWAY INFLAMMATION AND 
HYPERRESPONSIVENESS INDUCED BY CAPTOPRIL 
 
Janiana Raíza Jentsch Matias de Oliveira1, Bruna da Silva Soley1, Daniela de 
Almeida Cabrini1, Michel Fleith Otuki1, Claudia Martins Galindo1, Bruna Barbosa da 
Luz1, Maria Fernanda de Paula Werner1, Eunice André1 









Eunice André, professor of pharmacology, 
Department of Pharmacology,  
Federal University of Paraná,  
E-mail address: eunice.andre@ufpr.br 
Telephone: (55) 413361-1693 




Captopril administration results in adverse effects in airways as plasma 
extravasation, cough, airways hyperreactivity and interstitial lung infiltrates. The aim 
of the present study was to investigate the role of transient receptor potential vanilloid 
1 (TRPV1) underlying adverse effects of different treatment regimens with captopril. 
Experiments were conducted to analyze the exacerbation of bronchoconstrictive and 
inflammatory responses triggered by the oral captopril administration (100 mg/kg) in 
acute versus sub-chronic regimens in rats, using selective agonist and antagonists of 
TRPV1 and bradykinin B2 receptors and the ablation of TRPV1-expressing sensory 
neurons.  
We have found that the hyperresponsiveness to capsaicin and bradykinin in 
captopril-treated rats seems to be an acute effect. The intravenous pre-treatment 
with HOE140, a B2 receptors antagonist, decrease the hyperresponsiveness to 
bradykinin (75 ± 5% of inhibition) and abolished the exacerbation induced by 
capsaicin. Ablation of TRPV1-expressing sensory neurons also diminished the 
bronchial hyperresponsiveness to bradykinin (46 ± 5% of inhibition). In addition, the 
captopril-treatment regimens, acute (in a manner dependent of time; 6 hours after the 
administration) and sub-chronic during 10 days (1 hour after the administration, on 
tenth day), promoted a recruiting of inflammatory cells to the lung, accompanied by 
an increased total leukocyte count in bronchoalveolar lavage fluid (BALF) and 
bronchus-associated lymphoid tissue (BALT) hyperplasia, events reduced by the 
degeneration of TRPV1-positive sensory neurons. Furthermore, the treatment with 
captopril during 10 consecutive days increased the immunoreactivity of the TRPV1 




In conclusion, our data demonstrate that TRPV1 acts as an important mediator of 
captopril inflammatory responses in rat airways. From a therapeutic perspective, it 
can be interesting to manage patients suffering with cough, hyperresponsiveness 
and angioedema induced by angiotensin-converting enzyme inhibitor (ACEI).  
 
Keywords: airway inflammation, hyperresponsiveness, TRPV1, captopril, bradykinin 
 
Abbreviations: ACEIs: angiotensin-converting enzyme inhibitors; ANOVA: analysis 
of variance; B2 receptors: bradykinin type 2 receptors; BALF: bronchoalveolar lavage 
fluid; BALT: bronchus-associated lymphoid tissue; DMSO: dimethyl sulfoxide; FDA: 
Food and Drug Administration; H&E: hematoxylin and eosin; i.p.: intraperitoneal 
injection; i.v.: intravenous injection; NaCl: Sodium chloride; PBS: phosphate buffered 
saline; s.e.m.: standard error of the mean; TRPs: transient potential receptors; 
TRPV1: transient potential receptors vanilloid 1; Veh: vehicle; v.o.: oral via;  
 
1. Introduction  
Unpredictable adverse effects are common reasons for low adherence to the 
antihypertensive therapy with angiotensin-converting enzyme inhibitors (ACEIs) 
(Israili and Dallas Hall, 1992; Vasekar and Craig, 2012). Airways adverse effects as 
angioedema, cough, bronchial abnormal response, lung infiltrates and bronchial 
hyperreactivity have been reported in the literature since 1985, after the first ACEI 
available, captopril, gained FDA approval (1981) (Sesoko and Kaneko, 1985; Schatz 
et al., 1989; Watanabe et al., 1996). Unfortunately, the prevention and resolution of 
these adverse effects on the airways are limited and difficult-to-treat. To date, there is 
no definitive and approved pharmacological treatment (Vasekar and Craig, 2012; 
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Overlack, 1996). Thus, understanding the precise pathophysiology of captopril-
adverse effects in airways is important to achieve the management of patients. 
A link with bradykinin levels has been described as a key to explain the adverse 
airways effects after ACEI treatment (Nussberger, 1998). Studies showed that the 
sensitization-mediate by bradykinin increased the number of coughs caused by ACEI 
in guinea pigs (Fox et al., 1996). This pro-inflammatory mediator activated bradykinin 
receptors type 2 (B2 receptors) and sensitizes type C sensory fibers, where are co-
expressed with transient potential receptors (TRPs) (Fox et al., 1996; Pethö and 
Reeh, 2012; Veldhuis et al., 2015). In fact, the lung is densely innervated by sensory 
afferent fibers, which express (the most) the transient receptor potential channel 
vanilloid member 1 (TRPV1), although TRPV1 is also expressed in non-neuronal 
cells (Grace et al., 2014). When stimulated by chemical, mechanical and thermal 
stimuli (Brederson et al., 2013), TRPV1-airways promote immune and inflammatory 
responses, via neurogenic and non-neurogenic mechanisms (Parenti et al., 2016). 
Thus, TRPV1 channels play an essential protective role in airway reflexes and also 
contribute to diseases (Grace et al., 2014; Canning et al., 2006).  
Taking into account, the purpose of our study was to investigate the inflammatory 
responses induced by the different treatment regimens with captopril in rat airways 
and the contribution of TRPV1 channels in these responses. We hypothesized that 
TRPV1 play a major role in hyperresponsiveness and inflammation of airways 







2. Materials and methods 
 
2.1 Animals 
Male Wistar rats (250-300 g) were kept under controlled conditions of temperature 
(22 ± 2 ºC) and lighting (12 h light / dark cycles), with free access to water and food. 
For a period of at least 1 hour before the beginning the experiments, the feed was 
removed and the animals were kept in the laboratory for an adaptation period. All 
experimental procedures were carried out after approval by the Institutional Animal 
Care and Use Committee of the Federal University of Paraná (process number 800) 
and were in compliance with the ARRIVE guidelines, previously reported by Kilkenny 
and collaborators (Kilkenny et al., 2013). The n number of animals used in this study 
was the minimum necessary to obtain consistent data. 
 
2.2 Airway resistance measurement  
The animals were previously anesthetized with ketamine (50 mg/kg) and xylazine (10 
mg/kg) injected intraperitoneally (i.p.). After, a surgical procedure was performed to 
insert a cannula into cervical portion of trachea of rats, fixed with a suture wire and 
connected to artificial ventilation with room air (Ugo Basile Rodent Ventilator model 
7025; 50 strokes/min; 10 ml kg–1 of room air; Ugo Basile, Comerico-Varese, Italy).  
The airway resistance was measure by a bronchospasm transducer (Ugo Basile 
Bronchospasm Transducer 17020, Ugo Basile, Italy). The method is based on the 
researchers Konzett and Rossler (1940) and Amdur and Mead (1958). The 
transducer was connected to a data acquisition system, the DataCapsule-Evo Digital 
Recorder (17308, Ugo Basile, Italy), which was connected to a computer for 
recording and analysis using the software LabScribe 3 TM. In all experiments the 
anesthetized animals were submitted for a stabilization period of at least 10 minutes 
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before the treatments. The results were expressed as an increase in airway 
resistance (volume-displacement H2O/ml) above baseline value measured before 
administration of drugs (Dusser et al., 1988).   
 
2.2.1 Hyperresponsiveness 
To evaluate if ACEI could increase the sensitivity to agonists of B2 receptor and 
TRPV1 channel in doses that per se not promoted bronchoconstriction, different 
groups of animals are treated with captopril 100 mg/kg (an antihypertensive dose 
effective in spontaneously hypertensive rats) administered by an oropharyngeal 
cannula (Antonaccio et al., 1979). The rats were randomly distributed in cages 
according to the following oral treatment regimens: Group vehicle, treated with 
saline/kg/day; Acute group, treated with a single dose of captopril (100 mg/kg), 
performing the experiments 1 hour after the administration; Group 9 days, treated 
with captopril (100 mg/kg/day) for 9 consecutive days, with experiments performed 
24 hours after the last administration; and Group 10 days with captopril treatment 
(100 mg/kg/day) performed over 10 consecutive days, with experiments performed 1 
hour after the last administration.  
After the different captopril regimens treatment, the animals were anesthetized, 
cannulated and their respiratory rates are stabilized during 10 minutes. The B2 
receptors agonist bradykinin (0.03 µmol/kg) and the TRPV1 agonist capsaicin (0.03 
µmol/kg) were injected via intravenous (i.v.) in doses unable to alter the airway 
resistance in vehicle treated animals.  
In another series of experiments, animals treated acutely with captopril (100 mg/kg), 
1 hour later, were anesthetized, cannulated and pretreated with HOE140 (0.01 
µmol/kg; i.v.). Fifteen minutes later bradykinin (0.03 µmol/kg; i.v.) or capsaicin (0.03 
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µmol/kg; i.v.) were administered. Furthermore, the bronchial hyperresponsiveness 
induced by acute treatment with captopril and challenge with a low-dose of 
bradykinin was also evaluated in adult animals, with 8-10 weeks, previously 
desensitized with capsaicin. The degeneration of TRPV1-positive sensory neurons 
was performed in rats with 48 hours of life, injecting subcutaneously capsaicin (50 
mg/kg) as previously described by Jancsó and collaborators (Jancsó et al., 1977). 
When given to newborn rats, capsaicin degenerate the neurons, identifying 
capsaicin-sensitive neuronal pathways (Jancsó et al., 1977). To confirm the success 
of the procedure the number of eye-wiping movements induced by ocular application 
of a capsaicin solution (0.1%) was counted in adult animals (Hoffmeister et al., 2014).  
 
2.3 Inflammatory responses  
 
2.3.1 Bronchoalveolar lavage and total leukocyte count 
In order to investigate whether the different captopril treatment regimens cause 
pulmonary inflammation, the bronchoalveolar lavage fluid (BALF) of animals were 
collected to follow analyses. In rats treated in an acute manner (single-dose protocol) 
with captopril (100 mg/kg; v.o.), the BALF was collected in two time-points, 1 hour 
and 6 hours after the administration (Costa et al., 2002). The BALF of sub-chronic 
groups, treated during 9 or 10 days, was collected on the tenth day, 24 hours or 1 
hour after the last administration, respectively.  
The BALF was collected of euthanized animals (overdose of thiopental 100 mg/kg, 
i.p.). The trachea was exposed and cannulated with a polyethylene tube, connected 
to a syringe. The lungs were washed by flushing with phosphate buffered saline 
(PBS) solution. The PBS buffer was instilled through the tracheal cannula as one 1 
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ml and was aspirated again; the procedure was performed 3 times in order to obtain 
the exudate. The fluid recovered after each aliquot instillation was combined and 
centrifuged (290 g for 8 min at 4ºC). The cell pellet was resuspended in 100 µl of 
PBS buffer and the total cell counts was determined using a Neubauer chamber 
(American Optical, Southbridge, MA) after the addition of Türk’s solution (0.5 mg/ml 
in PBS) in optical microscope (400 ×). The results were expressed by total number of 
cells (× 107). The total leukocyte count was also investigated in group of animals with 
degeneration of sensory neurons that express the TRPV1 channels by the capsaicin 
pretreatment during neonatal period (Deg group). The procedure was previously 
described by van Hoecke and collaborators, with some modifications (van Hoecke et 
al., 2017).  
 
2.3.2 Histological Analysis 
To perform the histological analysis, animals were euthanized with an overdose of 
thiopental (100 mg/kg, i.p.) and the left lobe of lung (with only one lobe and a simple 
structure) was collected from rats submitted to the different therapeutic regimens with 
captopril. The tissues were fixed in ALFAC solution (alcohol 80%, formaldehyde 40% 
and glacial acetic acid) and embedded in paraffin. Paraffin blocks were sectioned into 
5 µm thick sections and sequentially staining with hematoxylin and eosin (H&E). The 
extent of lung inflammation was evaluated in the H&E-stained lung by a pathologist 
who was blind to the experimental grouping (Suda et al., 1999). 
 
2.4 Immunohistochemistry analysis 
Immunohistochemistry for TRPV1 channels was performed on the left lung of rats 
submitted to different captopril treatment regimens. After a transcardiac perfusion 
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procedure with saline (0.9% NaCl), to remove the lung, the tissues were fixed in 
ALFAC solution (alcohol 80%, formaldehyde 40% and glacial acetic acid) and 
embedded in paraffin. Lung sections of paraffin blocks were sectioned (5 μm 
thickness), and after blocking reactions, were incubated overnight with primary 
antibody against TRPV1 (1:100, Alomone Labs) at 4 °C. Subsequently, the sections 
were washed for 4 times with 1% BSA/PBS and incubated with peroxidase 
conjugated secondary antibody (goat anti-rabbit, 1:100, Santa Cruz Biotechnology) at 
room temperature in a humid chamber for 1 hour. Positive signals were developed 
using chromo-gen diaminobenzidine (DAB Substrate Kit, BD Pharmingen™). After, 
the sections were washed three times with PBS, dehydrated and counter stained with 
H&E. Immunoreactivity for TRPV1 was visualized under a Zeiss Axio Imager Z2 with 
the capture software Metafer 4/VSlide. The images were analyzed with Image-Pro 
Plus 6.0 software (Maria-Ferreira et al., 2018). 
 
2.5 Drugs and reagents 
The most drugs and reagents were purchased from Sigma Chemical Co., St. Louis, 
USA except the rabbit anti-TRPV1 antibody poly clonal (Alamone Labs), the goat 
anti-rabbit secondary antibody (Santa Cruz Biotechnology), the DAB Substrate Kit 
(BD Pharmingen™) and the captopril (MULTILAB Indústria e Comércio de Produtos 
Farmac LTDA.). The solutions were diluted on the day of the experiment just before 
use. The final concentrations of dimethyl sulfoxide (DMSO) and Tween 80 did not 
exceed 0.1% in solutions. Only capsaicin dilution for degeneration- neonatal 




2.6 Statistical analysis 
The results are expressed as the mean + standard error of mean (s.e.m.). The 
statistical significance between the groups was assessed by the one-way analysis of 
variance (ANOVA) followed by Student-Newman-Keuls test or Bonferroni test. The 
unpaired Student’s t- test also was applied when appropriate. GraphPad Prism 
software version 5.01 and 6.01 were used. In all experiments values of P≤0.05 were 
considered to be statistically significant.  
 
3. Results 
3.1 Captopril sensitizes acutely the airways by a mechanism involving TRPV1-
positive sensory neurons and B2 receptors 
The acute oral administration of captopril (100 mg/kg) promoted bronchoconstriction 
in rats after challenge with agonist bradykinin 0.03 µmol/kg (1.57 ± 0.09 volume-
displacement H2O/ml) or capsaicin 0.03 µmol/kg (0.72 ± 0.14 volume-displacement 










Figure 1. Effect of acute captopril administration in rat airways. Airway 
hyperresponsiveness to bradykinin (A) and capsaicin (B) induced by captopril acute 
treatment (100 mg/kg; v.o.). In acute group the experiments were performed 1 hour 
after the last administration of the ACEI. Each point represents the mean (S.E.M.) of 
seven rats. The asterisks denote significance levels: *P ≤ 0.05 compared to vehicle 
treated group (Veh). T-Test.   
 
To confirm the bradykinin role in airways captopril-sensitization, we demonstrated 
that the pre-treatment intravenous with HOE140 (0.01 µmol/kg), a B2 receptors 
antagonist, decrease the hyperresponsiveness to bradykinin (0.03 µmol/kg; 75 ± 5% 
of inhibition) in comparison of saline pretreated group (Figure 2A) and abolished the 
exacerbation induced by capsaicin (0.03 µmol/kg; Figure 2B) in captopril-acute 
treated rats (100 mg/kg). We also examined the effect of TRPV1-positive sensory 
neuron’s degeneration on hyperresponsiveness to bradykinin induced by captopril. 
The capsaicin pre-treatment during neonatal period (Deg group) diminished the 
bronchial hyperresponsiveness to bradykinin (0.03 µmol/kg; 46 ± 5% of inhibition) in 








Figure 2. Role of B2 receptors and TRPV1-positive sensory neurons in 
hyperresponsiveness induced by acute captopril treatment. Intravenous pre-
treatment with B2 receptors antagonist HOE140 (0.01 µmol/kg; A, B) and the 
degeneration of TRPV1-sensory neurons by capsaicin neonatal pre-treatment (50 
mg/kg s.c.; Deg group; C) reduces the airways hyperresponsiveness to bradykinin 
and capsaicin induced by acute captopril treatment (100 mg/kg; v.o.). Experiments 
were performed 1 hour after the administration. Each point represents the mean 
(S.E.M.) of seven rats. *P ≤ 0.05 compared to vehicle pretreated group (Veh1). #P ≤ 
0.05 compared to vehicle treated group (Veh). Two-way ANOVA followed by 
Newman-Keuls post-hoc test.  
 
Similar results were observed in rats treated sub-chronically during 10 days and 
challenged with the agonists bradykinin (0.03 µmol/kg; 1.32 ± 0.08 volume-
displacement H2O/ml) and capsaicin (0.03 µmol/kg; 0.77 ± 0.09 volume-displacement 
H2O/ml) 1 hour after the last captopril administration on tenth day (Figure 3A, B). 
However, in groups of animals treated during 9 consecutive days with captopril and 
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challenged with the agonists, 24 hours after the last administration of the ACEI, the 




Figure 3. Effect of sub-chronic captopril administration in rat airways. Airways 
hyperresponsiveness to bradykinin (A) and capsaicin (B) induced by sub-chronic 
regimens of treatment with captopril (100 mg/kg; v.o.). In group treated during 9 
consecutive days the experiments were performed on the tenth day, 24 hours after 
the last treatment. In group treated during 10 consecutive days the experiments were 
performed one hour after the last treatment Each point represents the mean (S.E.M.) 
of seven rats. *P ≤ 0.05 compared to the others groups. Two-way ANOVA followed 
by Newman-Keuls post-hoc test.   
 
3.2 Captopril induce inflammatory responses in airways  
We evaluated the total leukocytes count in BALF of animals treated with captopril 
(100 mg/kg) in the different therapeutic regimens. In acute treated group the content 
of total leukocytes in BALF was greatly elevated in a manner time-dependent, only 6 
hours after the administration (1.19 × 107 cells), when compared to 1 hour captopril-
treated point (0.19 × 107 cells) or vehicle treated group (Veh, 0.32 × 107 cells) (Figure 
4A). Corroborating, the histopathology analysis of the H&E-stained sections of lungs 
of rats showed an increase in size of BALT, also in a manner dependent of time, only 
when tissues were collected 6 hours after the acute treatment with ACEI (Figure 4D), 
78 
 
when compared to 1 hour captopril-treated group (Figure 4E) or vehicle-treated 
group (Figure 4C).  
In sub-chronic 10 days group, the total leukocyte count in BALF also increased (2.02 
× 107 cells) when compared to vehicle-treated group (Veh, 0.37 × 107 cells; Figure 
5A). Differently of observed in acute group, the cell increase in BALF could be 
observed in the first hour after the last treatment, on tenth day. However, in the group 
treated during 9 consecutive days, with BALF collected 24 hours after the last 
administration of the ACEI, we observed that the total leukocyte count regressed 
significantly (0.46 × 107 cells) in comparison with sub-chronic 10 days group and was 
not significantly different of vehicle-treated group (Figure 5A). Reinforcing these 
findings, the H&E-stained sections of lungs demonstrated that in 10 days group 
occurred a significant BALT hyperplasia near the bronchiole walls (Figure 5D), in 
comparison of 9 days treated-group (Figure 5E), which not showed significant 
histologic alterations, or vehicle-treated group (Figure 5C).    
 
3.3 Degeneration of TRPV1-positive neurons reduces the inflammatory 
responses induced by captopril 
We also evaluate the participation of sensitive capsaicin neurons in the inflammatory 
responses induced by the different regimens with captopril (100 mg/kg). The ablation 
with capsaicin of sensory neurons that express TRPV1 inhibited significantly (Deg 
group, 0.2 × 107 cells) the increase in total leukocyte count in BALF of acute captopril 
treated rats (1.19 × 107 cells; BALF collected 6 hours after the ACEI administration) 
(Figure 4F). Indeed, we also observed that the total leukocyte count in BALF of sub-
chronic 10 days group (1.8 × 107 cells), with BALF collected 1 hour after the captopril 
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administration, on tenth day, was also inhibited by the capsaicin pre-treatment (Deg 
group, 0.1 × 107 cells;  Figure 5F).  
In the same direction of BALF results, the histological evaluations of lungs showed 
that the ablation of TRPV1-positive sensory neurons prevent the increase of BALT 
size promoted by acute administration of captopril (tissues collected 6 hours after the 
treatment; Figure 4D) and reduced significantly the BALT hyperplasia induced by 




Figure 4. Histological sections of lung of acute captopril treated groups. 
Representative photomicrographs of rat lung tissues in H&E-stained sections (C-F). 
Captopril acute treatment (100 mg/kg; v.o.), in a manner dependent of time, induces 
BALT increasing (D) and rise the total leukocytes count in BALF (A). These effects 
were significantly reduced by the capsaicin neonatal pre-treatment (50 mg/kg s.c.; 
Deg group) (F and B). Each point represents the mean (S.E.M.) of seven rats. The 
asterisks denote significance levels: *P ≤ 0.05 compared to the other groups. #P ≤ 
0.05 compared to the 6 hours group. Two-way ANOVA followed by Newman-Keuls 






















































































Figure 5. Histological sections of lung of sub-chronic captopril treated groups. 
Representative lung photomicrographs of rat lung tissues in H&E-stained sections 
(C-F). Captopril treatment during 10 consecutive days (100 mg/kg), 1 hour after the 
administration, on tenth day, increased the total leukocytes count in BALF (A) and 
BALT hyperplasia (D)  when compared to the others groups. These effects were 
significantly reduced by the capsaicin neonatal pre-treatment (50 mg/kg s.c.; Deg 
group) (B, F). In 9 days treated group, with tissue and BALF collected 24 hours after 
the last administration, on tenth day, the inflammatory parameters regressed 
significantly (A, E). Each point represents the mean (S.E.M.) of seven rats. The 
asterisks denote significance levels: *P ≤ 0.05 compare to the other groups. #P ≤ 
0.05 compared to the group treated during 10 consecutive days with captopril. Two-
way ANOVA followed by Newman-Keuls post-hoc test. V= pulmonary vasculature; 
B= bronchiole; BI= intrapulmonar bronchi; *= BALT. 
 
3.4 Effect of captopril on TRPV1-immunoreactivity in the rat lung  
We also performed an immunohistochemical analysis to determine the expression 
profile of TRPV1 channels in rat lung. The results showed an intense TRPV1 
immunoreactivity in lung of captopril sub-chronic treated group after 10 consecutive 
days of treatment (100 mg/kg; Fig 7C), with no alterations of TRPV1 patterns in the 
others groups evaluated (Fig 6A – C and 7A, B). The effect was demonstrated by the 
increases in TRPV1 immunostaining scores compared to vehicle-treated and other 
captopril regimens (Fig 6E and 7E). Moreover, according to the others inflammatory 
parameters evaluated, the degeneration of TRPV1-positive sensory neurons also 
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reduced the increased TRPV1-immunoreactivity of captopril sub-chronic 10 day’s 





















Figure 6. Immunoreactivity for TRPV1 in lung sections of rats treated acutely 
with captopril. Immunohistochemical staining for TRPV1 from lung sections of 
vehicle (A) and captopril acute treated groups, with left lung collected 1 hour (B) or 6 
hours (C) after the ACEI administration. Immunostaining scores for TRPV1 (E). Deg 
group represents the animals pretreated with capsaicin during neonatal period (50 
mg/kg s.c.; D, E) with assay performed 8 or 10 weeks after, in adult animals. Each 
point represents the mean (S.E.M.) of three rats. Two-way ANOVA followed by 
Bonferroni post-hoc test.  
 
Veh 1 hour 
6 hours 
A B 
C Deg 6 hours D 
E 
























Figure 7. Immunoreactivity for TRPV1 in lung sections of rats treated in a sub-
chronic regimen with captopril. Immunohistochemical staining for TRPV1 from 
lung sections of vehicle (A) and captopril sub-chronically treated groups (100 mg/kg); 
9 days with tissues collected on tenth day, 24 hours after the last administration (B) 
or 10 consecutive days, with tissues collected 1 hour after the last administration (C). 
Immunostaining scores for TRPV1 (E). Deg group represents the animals pretreated 
with capsaicin during neonatal period (50 mg/kg s.c.; D, E), with assay performed 8 
or 10 weeks after, in adult animals. Each point represents the mean (S.E.M.) of three 
rats. The asterisks denote significance levels: *P ≤ 0.05 compared to the others 
groups treated with vehicle or captopril. #P ≤ 0.05 compared to the group treated 
Veh 9  days 
10  days 
A B 
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The data presented here support the idea that captopril-sensitization of TRPV1 can 
induce neurogenic inflammation give rise bronchial hyperresponsiveness and airway 
inflammation, hallmarks of respiratory diseases. We observed a sensitization of 
airways to bradykinin and capsaicin in animals treated in acute and sub-chronic 
regimen with captopril. This effect seem occurs independently of regimen of 
treatment applied and is underlined by the observation that a single dose of captopril 
can to induce potentiating of bronchoconstrictive response to bradykinin or capsaicin, 
although this effect is not evidenced 24 hours after drug discontinuation even when it 
was administrated during 9 consecutive days. Thus, these findings suggested that 
the endogenous bradykinin levels, maintaining by ACE inhibition, seems to be a 
crucial factor for transiently sensitize and enhance the airway resistance of animals 
treated with captopril.   
In clinical, cough and angioedema by ACEIs treatment may develop within hours or 
at most weeks after the first dose, although cases after long-term therapy was also 
reported (Israili and Dallas Hall, 1992). Oike and collaborators, for example, 
described a fatal angioedema and leukocytosis within the first few doses of enalapril 
(Oike et al., 1993). Morice and others also showed that 2 hours after 25 mg of 
captopril by mouth shift the sensitivity of capsaicin inhaled in airways of normal 
subjects (Morice et al., 1987). Therefore, the occurrence of airways adverse effects 
induced by ACEIs is unpredictable and was confirmed by studies showing that the 
symptoms in clinical seems to improve substantially within hours after stopping the 
drug (Israili and Dallas Hall, 1992; Banerji et al., 2016). For this reason, the 
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discontinuation of therapy appears an immediate recommendation to prevent cough 
and angioedema occurrence in humans (Vasekar and Craig, 2012). Corroborating, 
we showed a complete resolution of bronchial sensitization 24 hours after 
suspension of captopril administration. 
The exacerbation of bronchoconstrictive response observed during the ACEI 
treatment occurred by a mechanism sensitive to pharmacological blockaded of B2 
receptors and ablation of TRPV1-expressing sensory neurons. Indeed, several 
preclinical studies also have shown the possible TRPV1 and B2 receptors 
involvement in the adverse effects induced by ACEIs in airways of different animal 
models. In 1996, Takahama and collaborators demonstrated that the acute and 
chronic treatment with captopril increase the cough induced by capsaicin in guinea 
pigs (Takahama et al., 1996). Data from our laboratory also demonstrated that the 
pretreatment with B2 receptors antagonist or TRPV1 antagonist, as well as 
degeneration of TRPV1-expressing sensory neurons, inhibited the plasma 
extravasation induced by acute intravenous administration of captopril in artificially 
ventilated rats (de Oliveira et al., 2016). Additional study have generated evidence 
that captopril increases BK-induced bronchoconstriction in guinea pigs through the 
release of tachykinins from sensory neurons (Arakawa et al., 1996). Thus, the 
present data support that captopril, in a bradykinin dependent pathway; modulated 
the TRPV1-positive neurons triggering airways hyperresponsiveness.  
It has already been proposed that the effects of bradykinin in airways is due its ability 
in active B2 constitutive receptors and sensitize TRPV1 channels expressed in 
primary sensory neurons (Grace et al., 2014; Schulze-Topphoff et al., 2008; Belvisi 
and Birrel. 2017; Gouin et al., 2017). Once activated, these TRPV1-expressing 
sensory neurons release neuropeptides such as substance P from their peripheral 
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nerve endings, which modulate bronchial smooth muscle-tone, increased vascular 
permeability, promotes leukocyte adherence to the vascular endothelium and 
migration in airways (Medeiros et al., 2001; Katayama et al., 1993). Additionally, this 
neuronal stimulation seems to exert an immunomodulatory effect for development or 
function of BALT, part of the integrated mucosal immune system of rats (Auais et al., 
2003). In humans, a related tissue (inducible BALT) can be occasionally found in the 
lungs upon inflammation or infection (Moyron-Quiroz et al., 2004). Here, our findings 
demonstrated that acute, in a manner dependent of time, and sub-chronic treatment 
regimens with captopril triggered an inflammatory process in the rat airways, 
characterized by an increase in total leukocytes count in BAL and BALT hyperplasia 
accompanied by sub-epithelial, peribronchial and perivascular infiltration of 
inflammatory cells.   
In this sense, again, we noticed the fundamental role of bradykinin. This is supported 
by the finding showing that 24 hours after stopping captopril treatment significantly 
reduces the inflammatory parameters analyzed, while the continuous administration 
seems to favor the recruitment of inflammatory cells, promoting just 1 hour after 
captopril administration, on tenth day, a significant inflammatory response. 
Furthermore, the sensory neurons expressing TRPV1 also play an important role, 
once their ablation markedly reduce the inflammatory responses, supporting the 
causal relationship between bradykinin and the sensitization of capsaicin-sensitive C 
fibers in the mechanism by ACEIs promotes adverse effects in airways. 
It is plausible to speculate that due to inflammatory process and sensitization of 
airways induced by ACEI treatment can promote an over-expression of TRPV1 
channels. Several literatures postulated a relation between the exaggerated tussive 
response to capsaicin and increased expression of TRPV1 in airways epithelial 
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nerves or non-neuronal cells in patients suffering from chronic cough or asthma 
(Groneberg et al., 2004; Mitchell et al., 2005; McGarvey et al., 2014). Indeed, TRPV1 
channels have been expressed in the highest level in sensory neurons of respiratory 
tract and a significant expression is also observed in non-neuronal cells, as bronchial 
epithelium, microvascular endothelial and others lung cell types (Grace et al., 2014; 
Groneberg et al., 2004). Here, our quantitative immunohistochemistry results 
revealed that prolonged treatment with captopril modify the cellular expression of 
TRPV1 on lung. We hypothesized that this TRPV1 up-regulation depends on 
maintenance of bradykinin amounts through daily administration of captopril, once 24 
hours after the discontinuation of treatment the effect was markedly reduced. The 
ablation of capsaicin sensitive sensory neurons during neonatal period also 
prevented this TRPV1 over-expression. In this context, we suggested that increased 
levels of bradykinin by ACE inhibition can, besides reduction of TRPV1-activation 
threshold, be also related to the channel up-regulation in rat lung. Recently, Mistry 
and collaborators previously demonstrated this possibility in vitro model; of bradykinin 
promoting an up-regulation of TRPV1 mRNA expression in a culture of nociceptive 
primary sensory neurons after 2 days of exposition (Mistry et al., 2014).  
Although the mechanism underlying captopril promotes airway adverse effects 
continue uncertain, the data presented confirmed the central role of bradykinin and 
TRPV1 receptors. In conclusion, we proposed that the suppression or reversing 
sensitization of TRPV1 channels, promoted by raised level of bradykinin by ACE 
inhibition, is an important pathway for modulate the captopril-inflammatory airways 
effects. In clinical, so far, the treatment for angioedema, cough or pulmonary 
inflammation induced by this class of drugs consists in the interruption of drug 
administration, exposing the patients to the risk of their current situation (Vasekar 
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and Craig, 2012; Dicpinigaitis, 2006). In this sense, the presented data indicate that 
the TRPV1 channels modulation could be a useful local strategy for resolution of 
airway symptoms induced by ACEIs.   
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4 CONCLUSÃO FINAL 
 
 Efeitos adversos após o tratamento com IECAs como tosse (mais comum) e 
angioedema (associado a uma considerável morbidade) são razões comuns de 
descontinuação e baixa adesão à terapia (WAKEFIELD; THEAKER; PEMBERTON, 
2008; VASEKAR; CRAIG, 2012). Até o momento não há uma intervenção 
farmacológica definitiva e aprovada para o manejo desses efeitos adversos, uma vez 
que seus mecanismos patofisiológicos não foram totalmente elucidados. No entanto, 
a potencialização da sinalização da bradicinina, alcançada pela inibição da ECA, 
sugere a participação desse mediador inflamatório (ACHARYA et al., 2003).  
Estudos demonstraram que os canais TRPV1, TRPA1 e TRPV4 podem ser 
sensibilizados por bradicinina em modelos experimentais de tosse e hiperalgesia 
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(GRACE et al., 2012; BENEMEI et al., 2015; COSTA et al., 2018). Esses receptores 
estão amplamente expressos no trato respiratório e atuam como transdutores de 
estímulos químicos nocivos, orquestrando respostas inflamatórias de modo a manter 
a função e a homeostasia pulmonar (BELVISI; BIRRELL, 2017). Neste estudo, 
apresentamos o papel dos canais TRPV1, TRPA1 e TRPV4 nos efeitos adversos 
induzidos por captopril, um IECA, nas vias aéreas de ratos. 
 Inicialmente demonstramos que a administração aguda (via oral ou 
intravenosa) e sub-crônica (via oral) de captopril, por si só, não alterou a resistência 
das vias aéreas, corroborando com os dados publicados por Greenberg e 
colaboradores no ano de 1979 (GREENBERG et al., 1979). No entanto, que a 
inibição da ECA, ao reduzir a degradação dos níveis circulantes de bradicinina, 
favorece a ativação de seus receptores metabotrópicos B2, sem evidências da 
participação de receptores B1, promovendo sensibilização periférica dos canais 
TRPV1, TRPA1 e TRPV4. Os resultados demonstram que uma única administração 
do IECA, independentemente da via de administração escolhida, é capaz de diminuir 
seus limiares de ativação, fazendo com que a administração de agonistas desses 
canais em doses baixas promova a ativação de neurônios sensoriais onde estão co-
expressos e gerem respostas do tipo neurogênicas como hiperreatividade brônquica, 
broncoconstrição e extravasamento plasmático.  
 Na clínica, os efeitos adversos induzidos por IECAs sobre as vias aéreas 
podem se manifestar dentro de horas e até mesmo semanas após a primeira dose 
(ISRAILI; DALLAS HALL, 1992). No presente estudo, nós demonstramos que a 
alteração da sensibilidade dos TRPs está diretamente relacionada aos níveis de 
bradicinina circulantes e a administração diária de captopril, uma vez que a 
descontinuação do tratamento após 24 horas melhorou substancialmente todas as 
respostas inflamatórias avaliadas. Também observamos que a administração oral de 
captopril por si só induziu um processo inflamatório nos pulmões de ratos, de modo 
tempo-dependente, caracterizado pelo aumento no número total de leucócitos no 
lavado broncoalveolar, infiltração de células inflamatórias e hiperplasia de tecido 
linfoide associado ao brônquio (parte do sistema imunológico integrado a mucosa de 
ratos). Demonstramos ainda que essas respostas inflamatórias podem ser 
prevenidas em animais previamente submetidos à ablação de neurônios sensoriais 
que expressam o canal TRPV1. 
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 Com frequência, vias respiratórias hipersensíveis e inflamadas apresentam 
vias neurais sensoriais desreguladas. Assim, além da sensibilização, um segundo 
modo de modular a atividade dos canais TRPs seria a alteração da sua expressão 
clássica. Nesse sentido, demonstramos que o tratamento subcrônico com captopril 
durante 10 dias consecutivos foi capaz de aumentar a expressão celular do canal 
TRPV1 no pulmão de ratos. Assim como os demais efeitos descritos neste estudo, 
esta modulação ascendente do TRPV1 também parece ser diretamente dependente 
da administração diária de captopril, dos níveis circulantes de bradicinina e também 
envolve a participação de neurônios sensoriais que expressam o canal, visto que 24 
horas após a descontinuação do tratamento sua expressão regride 
significativamente e que a ablação de neurônios sensoriais sensíveis a capsaicina 
preveniu o aumento da sua expressão. Logo, os dados sugerem um mecanismo 
adicional para modificação das condições inflamatórias induzidas por captopril nas 
vias aéreas. 
 Em conjunto, o trabalho realizado nesta tese demonstra os canais TRPV1, 
TRPA1 e TRPV4 como importantes mediadores das respostas inflamatórias 
pulmonares induzidas por captopril (FIGURA 6). Frente à escassez de um 
tratamento farmacológico padronizado para reversão da tosse e angioedema 
induzidos por IECAs, uma necessidade médica ainda não atendida, e sua 
recomendação como fármacos de primeira escolha para intervenção farmacológica 
inicial em pacientes hipertensos por guidelines recentes, o que tende a aumentar 
seu uso clínico e concomitantemente a incidência desses efeitos adversos, nossos 
resultados são relevantes ao sugerir que a modulação desses canais possa oferecer 












FIGURA 6 – HIPÓTESE PROPOSTA PARA AS RESPOSTAS INFLAMATÓRIAS INDUZIDAS POR 




















ABRAHAM, William M.; SCURI, Mario; FARMER, Stephen G. Peptide and non-
peptide bradykinin receptor antagonists: Role in allergic airway disease. European 
Journal of Pharmacology, v. 533, n. 1-3, p. 215-221, fev. 2006. 
 
ACHARYA, K. Ravi et al. ACE revisited: A new target for structure-based drug 
design. Nature Reviews Drug Discovery, v. 2, n. 11, p. 891-902, nov. 2003. 
 
AL-SHAMLAN, Fajer; EL-HASHIM, Ahmed Z. Bradykinin sensitizes the cough reflex 
via a B2 receptor dependent activation of TRPV1 and TRPA1 channels through 
metabolites of cyclooxygenase and 12-lipoxygenase. Respiratory Research, v. 20, 
n. 1, p. 110, jun. 2019. 
 
AMDUR, Mary O.; MEAD, Jere, Mechanics of respiration in unanesthetized guinea 
pigs. American Journal of Physiology, v. 192, n. 2, p. 364-368, fev. 1958.  
 
ANDRÈ, Eunice et al. Cigarette smoke-induced neurogenic inflammation is mediated 
by α,β-unsaturated aldehydes and the TRPA1 receptor in rodents. Journal of 
Clinical Investigation, v. 118, n. 7, p. 2574-2582, jul. 2008. 
 
ANDRÈ, Eunice et al. Transient receptor potential ankyrin receptor 1 is a novel target 
for pro-tussive agents. British Journal of Pharmacology, v. 158, n. 6, p. 1621-
1628, nov. 2009. 
 
ANTONACCIO, Michael J. et al. Effects of chronic treatment with captopril (SQ 
14,225), an orally active inhibitor of angiotensin i-converting enzyme, in 
spontaneously hypertensive rats. The Japanese Journal of Pharmacology, v. 29, 
n. 2, p. 285-294, 1979. 
 
ARAKAWA, M. et al. Role of tachykinins in enhancement of bradykinin-induced 
bronchoconstriction by captopril. Inflammation Research, v. 45, p. 75-82, fev. 1996. 
 
AUAIS, A. et al. Immunomodulatory effects of sensory nerves during respiratory 
syncytial virus infection in rats. American Journal of Physiology, v. 285, n. 1, p. 
L105-13, jul, 2003. 
 
BANDELL, Michael et al. Noxious cold ion channel TRPA1 is activated by pungent 
compounds and bradykinin. Neuron, v. 41, n. 6, p. 849-857, mar. 2004. 
 
BANERJI, Aleena et al. Epidemiology and Incidence of ACE Inhibitor Angioedema 
Utilizing a Large Electronic Health Record. Journal of Allergy and Clinical 
Immunology, v. 5, n. 3, p. 744-749, maio 2016. 
 
BARATCHI, Sara et al. The TRPV4 agonist GSK1016790A regulates the membrane 




BAS, Murat et al. Therapeutic efficacy of icatibant in angioedema induced by 
angiotensin-converting enzyme inhibitors: A case series. Annals of Emergency 
Medicine, v. 56, n. 3, p. 278-282, set. 2010. 
 
BAS, Murat; STORCK, Katharina; STRASSEN, Ulrich. Potential Biomarkers for the 
Diagnosis of Angiotensin-Converting Enzyme Inhibitor-Induced Angioedema. 
Journal for Oto-rhino-laryngology and its Related Specialties, v. 19, n.1-2, p. 85-
92, fev. 2017. 
 
BELVISI, Maria G. et al. Capsazepine as a selective antagonist of capsaicin-induced 
activation of C-fibres in guinea-pig bronchi. European Journal of Pharmacology, v. 
215, n. 2-3, p. 341-344, maio. 1992. 
 
BELVISI, Maria G.; BIRRELL, Mark A. The emerging role of transient receptor 
potential channels in chronic lung disease. European Respiratory Journal, v. 50, n. 
2, p. 1601357, ago. 2017. 
 
BENEMEI, Silvia et al. TRP channels. Current Opinion in Pharmacology, v. 22, p. 
18-23, jun. 2015. 
 
BERNSTEIN, Jonathan A. et al. Angioedema in the emergency department: a 
practical guide to differential diagnosis and management. International Journal of 
Emergency Medicine, v. 10, n. 1, p. p. 15, abril. 2017. 
 
BESSAC, Bret F.; JORDT, Sven Eric. Breathtaking TRP channels: TRPA1 and 
TRPV1 in airway chemosensation and reflex control. Physiology, v. 23, p. 360 – 
370, dez. 2008. 
 
BICKET, Daphne P. Using ACE inhibitors appropriately. American Family 
Physician, v.66, n. 3, p. 461 – 468, ago. 2002. 
 
BONNER, Nicola et al. Development and validation of the angiotensin-converting 
enzyme inhibitor (ACEI) induced angioedema investigator rating scale and proposed 
discharge criteria. BMC Health Services Research, v. 17, n. 1, p. 366, maio. 2017. 
 
BONVINI, Sara et al. TRPV4 and activation of airway sensory nerves: The role of 
ATP.  European Respiratory Journal, v. 46: OA3252, out. 2015.  
 
BONVINI, Sara J. et al. Transient receptor potential cation channel, subfamily V, 
member 4 and airway sensory afferent activation: Role of adenosine triphosphate. 
Journal of Allergy and Clinical Immunology, v. 138, n. 1, p. 249 – 261, jul. 2016. 
 
BONVINI, Sara J.; BELVISI, Maria G. Cough and airway disease: The role of ion 
channels. Pulmonary Pharmacology and Therapeutics, v. 47, p. 21 – 28, dez. 
2017. 
 
BREDERSON, Jill Desiree; KYM, Philip R.; SZALLASI, Arpad. Targeting TRP 
channels for pain relief. European Journal of Pharmacology. European Journal of 




BROUNS, Inge et al. Novel insights in the neurochemistry and function of pulmonary 
sensory receptors. Advances in anatomy, embryology, and cell biology, v. 211, n. 
1, p. 1 – 115,  2012 
 
BUCKNALL, Christine E. et al. Bronchial hyperreactivity in patients who cough after 
receiving angiotensin converting enzyme inhibitors. British Medical Journal 
(Clinical research ed.), v. 296, n. 6615, p. 86 – 88, jan. 1988. 
 
CACERES, Ana I. et al. A sensory neuronal ion channel essential for airway 
inflammation and hyperreactivity in asthma. Proceedings of the National Academy 
of Sciences of the United States of America, v. 106, n. 22, p. 9099 – 9104, jun. 
2009. 
 
CALIXTO, João B. et al. Kinin B 1 receptors: Key G-protein-coupled receptors and 
their role in inflammatory and painful processes. British Journal of Pharmacology, 
v. 143, n. 7, p. 803 – 818, dez. 2004. 
 
CAMPO, Paloma et al. Angioedema induced by angiotensin-converting enzyme 
inhibitors. Current Opinion in Allergy and Clinical Immunology, v. 13, n. 4, p. 337-
344, ago. 2013. 
 
CANNING, Brendan J.; MORI, Nanako; MAZZONE, Stuart B. Vagal afferent nerves 
regulating the cough reflex. Respiratory Physiology and Neurobiology, v. 152, p, 
223 – 242, mar. 2006. 
 
CANNING, Brendan J. Afferent Nerves Regulating the Cough Reflex: Mechanisms 
and Mediators of Cough in Disease. Otolaryngologic Clinics of North America, V. 
43, V. 1, P. 15 – vii, fev. 2010. 
 
CANNING, Brendan J. et al. Anatomy and Neurophysiology of Cough: CHEST 
Guideline and Expert Panel report. Chest, v. 146, n. 6, p. 1633 – 1648. 2014. 
 
CASPANI, Ombretta; HEPPENSTALL, Paul A. TRPA1 and cold transduction: An 
unresolved issue? Journal of General Physiology, v. 133, n. 3, p. 245 – 249, mar. 
2009. 
 
CATERINA, Michael J. et al. The capsaicin receptor: A heat-activated ion channel in 
the pain pathway. Nature, v. 389, n. 6653, p. 816 – 824, out. 1997. 
 
CHEN, Jun; HACKOS, David H. TRPA1 as a drug target - Promise and challenges. 
Naunyn. Schmiedebergs. Arch. Pharmacol., v. 388, n. 4, p. 451 – 463, abril 2015. 
 
CHOI, Joon Young et al. TRPV1 blocking alleviates airway inflammation and 
remodeling in a chronic asthma murine model. Allergy, Asthma and Immunology 
Research, v. 10, n. 3, p. 216 – 224, maio. 2018. 
 
CHUANG, Huai Hu et al. Bradykinin and nerve growth factor release the capsaicin 
receptor from PtdIns(4,5)P2-mediated inhibition. Nature, v. 411, n. 6840, p. 957 – 




CHUNG, Kian Fan. Chronic “cough hypersensitivity syndrome”: A more precise label 
for chronic cough. Pulmonary Pharmacology and Therapeutics, v. 24, n. 3, p. 267 
– 271, jun. 2011. 
 
CICARDI, Marco; ZURAW, Bruce L. Angioedema Due to Bradykinin Dysregulation. 
Journal of Allergy and Clinical Immunology: In Practice, v. 6, n. 4, p. 1132 – 
1141, jul. 2018. 
 
COSTA, Robson et al. Kinin Receptors Sensitize TRPV4 Channel and Induce 
Mechanical Hyperalgesia: Relevance to Paclitaxel-Induced Peripheral Neuropathy in 
Mice. Molecular Neurobiology, v. 55, n. 3, p. 2150-2161, mar. 2018.  
 
COSTA, Soraia K.P. et al. Role of kinins and sensory neurons in the rat pleural 
leukocyte migration induced by Phoneutria nigriventer spider venom. Neuroscience 
Letters, v. 318, n. 3, p. 158 – 162, fev. 2002. 
 
CZIKORA, Ágnes et al. Different desensitization patterns for sensory and vascular 
TRPV1 populations in the rat: Expression, localization and functional consequences. 
PLoS ONE, v. 8, n. 11, p. e7818. 2013. 
 
DE LOGU, Francesco et al. TRP functions in the broncho-pulmonary system. 
Seminars in Immunopathology, v. 38,n. 3, p. 321 – 329, maio. 2016. 
 
DE OLIVEIRA, Janiana R. J. M. et al. Involvement of the TRPV1 receptor in plasma 
extravasation in airways of rats treated with an angiotensin-converting enzyme 
inhibitor. Pulmonary Pharmacology and Therapeutics, 2016. 
 
DICPINIGAITIS, Peter V. Angiotensin-converting enzyme inhibitor-induced cough: 
ACCP evidence-based clinical practice guidelines. Chest, v. 129, n. 1, p. 169S – 
173S, jan. 2006. 
 
DICPINIGAITIS, Peter V. Effect of viral upper respiratory tract infection on cough 
reflex sensitivity. Journal of Thoracic Disease, v. 6, n. S7, p. S708 – S711, out. 
2014. 
 
DOCHERTY, R. J.; YEATS, J. C.; PIPER, A. S. Capsazepine block of voltage-
activated calcium channels in adult rat dorsal root ganglion neurones in culture. 
British Journal of Pharmacology, v. 121, n. 7, p. 1461 – 1467, jul. 1997. 
 
DU, Qian et al. The Role of Transient Receptor Potential Vanilloid 1 in Common 
Diseases of the Digestive Tract and the Cardiovascular and Respiratory System. 
Frontiers in Physiology, v. 10, s.n., p, 1064, ago. 2019. 
 
DUSSER, D.J. et al. Airway neutral endopeptidase-like enzyme modulates 
tachykinin-induced bronchoconstriction in vivo. Journal of Applied Physiology, v. 
65, n. 6, p. 2585 – 2591, dez. 1988. 
 
EMANUELI, Costanza et al. Acute ACE inhibition causes plasma extravasation in 
mice that is mediated by bradykinin and substance P. Hypertension, v. 31, n. 6, p. 




ERDÖS, Ervin G.; FULONG, Tan; SKIDGEL, Randal A.  Angiotensin I-converting 
enzyme inhibitors are allosteric enhancers of kinin B1 and B2 receptor function. 
Hypertension, v. 55, n. 2, p. 214, fev. 2010. 
 
FAN, Hueng-Chuen; ZHANG, Xuming; MCNAUGHTON, Peter A. Activation of the 
TRPV4 ion channel is enhanced by phosphorylation. Journal of Biological 
Chemistry, v. 284, n. 41, p. 27884 – 27891, out. 2009. 
 
FARUQI, Shoaib et al. On the definition of chronic cough and current treatment 
pathways: An international qualitative study. Cough, v. 10, n. 5, p. 1 – 9, maio. 2014. 
 
FERREIRA, Sergio H.; BARTELT, Diana C.; GREENE, Lewis J. Isolation of 
Bradykinin-Potentiating Peptides from Bothrops jararaca Venom. Biochemistry, v. 9, 
n. 13, p. 2583 – 2593, jun. 1970. 
 
FOX, Alyson J. et al. Bradykinin-evoked sensitization of airway sensory nerves: A 
mechanism for ACE-inhibitor cough. Nature Medicine, v. 2, n. 7, p. 814 – 817, jul. 
1996. 
 
FULLER, R. W. et al. Bradykinin-induced bronchoconstriction in humans. Mode of 
action. American Review of Respiratory Disease, v. 135, n. 1, p. 176 – 180, jan. 
1987. 
 
GAMA LANDGRAF, R. et al. Modulation of allergic and immune complex-induced 
lung inflammation by bradykinin receptor antagonists. Inflammation Research, v. 
53, n. 2, p. 78 – 83, fev. 2004. 
 
GARCIA-ELIAS, Anna et al. The trpv4 channel, in Mammalian Transient Receptor 
Potential (TRP) Cation Channels, Volume 1. Handbook of Experimental 
Pharmacology, Springer-Verlag Berlin Heidelberg, v. 222, p. 293 – 319, mar. 2014. 
 
GAVVA, Narender R. et al. Pharmacological blockade of the vanilloid receptor 
TRPV1 elicits marked hyperthermia in humans. Pain, v. 136, n. 1 – 2, p. 202 – 210, 
maio. 2008. 
 
GEPPETTI, Pierangelo et al. Secretion, pain and sneezing induced by the application 
of capsaicin to the nasal mucosa in man. British Journal of Pharmacology, v. 93, 
n. 3, p. 509 – 514, mar. 1988. 
 
GEPPETTI, Pierangelo; MATERAZZI, Serena; NICOLETTI, Paola. The transient 
receptor potential vanilloid 1: role in airway inflammation and disease. European 
Journal of Pharmacology, v. 533, n. 1 – 3, p. 207 – 214, mar. 2006. 
 
GEPPETTI, Pierangelo et al. Cough: The emerging role of the trpa1 channel. Lung, 




GOUIN, Olivier et al. TRPV1 and TRPA1 in cutaneous neurogenic and chronic 
inflammation: pro-inflammatory response induced by their activation and their 
sensitization. Protein and Cell, v. 8, n. 9, p. 644 – 661, mar. 2017. 
 
GRACE, Megan S. et al. Tobacco Smoke Induced Cough: Mechanisms Driving Acute 
and Chronic Cough Pathology, Advanced Topics in Environmental Health and Air 
Pollution Case Studies, Ed. Prof. Anca Moldoveanu, p. 97 - 121, ago. 2011. 
 
GRACE, Megan S. et al. Transient receptor potential channels mediate the tussive 
response to prostaglandin E2 and bradykinin. Thorax, v. 67, n. 10, p. 891 – 900, out. 
2012. 
 
GRACE, Megan S. et al. Pre-clinical studies in cough research: Role of Transient 
Receptor Potential (TRP) channels. Pulmonary Pharmacology and Therapeutics, 
v. 26, n. 5, p. 498 – 507, fev. 2013. 
 
GRACE, Megan  S. et al. Transient receptor potential (TRP) channels in the airway: 
Role in airway disease. British Journal of Pharmacology, v. 171, n. 10, p. 2593 – 
2607, maio. 2014. 
 
GRACE, Megan S. et al. Modulation of the TRPV4 ion channel as a therapeutic 
target for disease. Pharmacology and Therapeutics, v. 177, s.n., p. 9 – 22, set. 
2017. 
 
GRANT, Nazaneen N.; DEEB, Ziad E.; CHIA, Stanley H. Clinical experience with 
angiotensin-converting enzyme inhibitor-induced angioedema. Otolaryngology - 
Head and Neck Surgery, v. 137, n. 6, p. 931 – 935, dez. 2007. 
 
GREENBERG, Roland et al. The effects of captopril (SQ 14,225) on bradykinin-
induced bronchoconstriction in the anesthetized guinea pig. European Journal of 
Pharmacology, v. 57, n. 4, p. 287 – 294, ago. 1979. 
 
GRONEBERG, David A. et al. Increased expression of transient receptor potential 
vanilloid-1 in airway nerves of chronic cough. American Journal of Respiratory and 
Critical Care Medicine, v. 170, n. 12, p. 1276 – 1280, dez. 2004. 
 
GU, Qihai et al. Activation of TRPV4 regulates respiration through indirect activation 
of bronchopulmonary sensory neurons. Frontiers in Physiology, v. 7, n. 65, p. 1 – 
12, fev. 2016. 
 
HALL, Judith M. Bradykinin receptors. General Pharmacology, v. 28, n. 1, p. 1 – 6, 
jan. 1997. 
 
HICKS, Blánaid M. et al. Angiotensin converting enzyme inhibitors and risk of lung 
cancer: Population based cohort study. British Medical Journal, v. 363, s. n., p. 
k4209, out. 2018. 
 
HOFFMEISTER, Carin et al. Participation of the TRPV1 receptor in the development 





ISRAILI, Zafar H.; HALL, Dallas W. Cough and angioneurotic edema associated with 
angiotensin-converting enzyme inhibitor therapy: A review of the literature and 
pathophysiology. Annals of Internal Medicine, v. 117, n. 3, p. 234 – 242, ago. 1992. 
 
IWASAKI, Yusaku et al. TRPA1 agonists - Allyl isothiocyanate and cinnamaldehyde - 
Induce adrenaline secretion. Bioscience, Biotechnology and Biochemistry,  v. 72, 
n. 10, p. 2608 – 2614, out. 2008. 
 
JANCSÓ, Gábor.; KIRALY, Elisabeth; JANCSÓ-GÁBOR, Aurelia. Pharmacologically 
induced selective degeneration of chemosensitive primary sensory neurones. 
Nature, v. 270, n. 5639, p. 741 – 743, dez. 1977. 
 
JEON, Jinyoung; LEE, Yun Jeong; LEE, Seok Yong. Effect of icatibant on 
angiotensin-converting enzyme inhibitor-induced angioedema: A meta-analysis of 
randomized controlled trials. Journal of Clinical Pharmacy and Therapeutics, v. 
44, n. 5, p. 685 – 692, out. 2019. 
 
JIA, Yanlin; LEE, Lu Yuan. Role of TRPV receptors in respiratory diseases. 
Biochimica et Biophysica Acta - Molecular Basis of Disease, v. 1772, n. 8, p. 915 
– 927, ago. 2007. 
 
JIN, L. S. et al. Inhibition of bradykinin-induced bronchoconstriction in the guinea-pig 
by a synthetic B2 receptor antagonist. British Journal of Pharmacology, v. 97, n. 2, 
598 – 602, jun. 1989. 
 
JULIUS, David. TRP Channels and Pain. Annual Review of Cell and 
Developmental Biology, v. 29, n. 1, p. 355 – 384. 2013. 
 
KAPLAN, Allen P.; JOSEPH, Kusumam. Pathogenic Mechanisms of Bradykinin 
Mediated Diseases. Dysregulation of an Innate Inflammatory Pathway. Advances in 
Immunology, v. 121, s.n., p. 41 – 89.  2014. 
 
KATAYAMA, M. et al. Peptidase inhibitors reverse steroid-induced suppression of 
neutrophil adhesion in rat tracheal blood vessels. American Journal of Physiology 
- Lung Cellular and Molecular Physiology, v. 264, n. 3, p. L316-22, mar. 1993.  
 
KATSUMATA, Uichiro et al. Bradykinin-Induced Cough Reflex Markedly Increases in 
Patients wih Cough Associated with Captopril and Enalapril. Tohoku Journal of 
Experimental Medicine, v. 164, n. 2, p. 103 – 109, jun. 1991. 
 
KILKENNY, Carol et al. Improving bioscience research reporting: The arrive 
guidelines for reporting animal research. Animals, v. 4, n. 1, p. 35 – 44, jan. 2013. 
 
KONZETT, Heribert, ROSSLER, Richard. Versuchsanordnung zu Untersuchungen 
an der Bronchiàlmuskulatur, Naunyn. Schmiedebergs. Arch. Exp. Pathol. 




LACROIX, J. S. et al. Improvement of symptoms of non-allergic chronic rhinitis by 
local treatment with capsaicin. Clinical and Experimental Allergy, v. 21, n. 5, p. 595 
– 600, set. 1991. 
 
LALLOO, U. G. et al. Capsazepine inhibits cough induced by capsaicin and citric acid 
but not by hypertonic saline in guinea pigs. Journal of Applied Physiology, v. 79, n. 
4, p. 1082 – 1087, out. 1995. 
 
LAU, W. A.K. et al. Synergistic potentiation by captopril and propranolol of 
bradykinin‐induced bronchoconstriction in the guinea‐pig. Clinical and Experimental 
Pharmacology and Physiology, v. 16, n. 11, p. 849 – 857, nov. 1989. 
 
LAURENT, Stéphane. Antihypertensive drugs. Pharmacological Research, v. 124, 
s.n., p. 116 – 125, ago. 2017. 
 
LEE, Lu Yuan; GU, Qihai. Role of TRPV1 in inflammation-induced airway 
hypersensitivity. Current Opinion in Pharmacology, v. 9, n. 3, p. 243 – 249, jun. 
2009. 
 
LEE, Lu Yuan; PISARRI, Thomas E. Afferent properties and reflex functions of 
bronchopulmonary C-fibers. Respiration Physiology, v. 125, n. 1 – 2, p. 47 – 65, 
mar. 2001. 
 
LEE, Lu Yuan; YU, Jerry. Sensory nerves in lung and airways. Comprehensive 
Physiology, v. 4, n. 1, p. 287 – 324, jan. 2014. 
 
LEEB-LUNDBERG, L. M.Fredrik et al. International union of pharmacology. XLV. 
Classification of the kinin receptor family: From molecular mechanisms to 
pathophysiological consequences. Pharmacological Reviews, v. 57, n. 1, p. 27 – 
77, mar. 2005. 
 
LEHTO, Sonya G et al. Antihyperalgesic effects of AMG8562 , a novel vanilloid 
receptor TRPV1 modulator that does not cause hyperthermia in rats. The Journal of 
Pharmacology and Experimental Therapeutics, v. 326, n. 1, p. 218 – 229, jul. 
2008. 
 
LI, Xiao C.; ZHANG, Jianfeng; ZHUO, Jia L. The vasoprotective axes of the renin-
angiotensin system: Physiological relevance and therapeutic implications in 
cardiovascular, hypertensive and kidney diseases. Pharmacological Research, v. 
125, Pt A, p. 21 – 38, nov. 2017. 
 
LIAU, Yusmiati et al. Pharmacogenetics of angiotensin-converting enzyme inhibitor-
induced angioedema. Clinical and Experimental Allergy, v. 49, n. 2, p. 142 – 154, 
fev. 2019. 
 
LUMB, Andrew B. Non-respiratory functions of the lung. In Nunn’s Applied 
Respiratory Physiology, 7 ed., Chapter 12, p. 217 – 227, 2010.  
 
MALACHIAS, M. V. B. et al. 7ª Diretriz Brasileira de Hipertensão Arterial. Sociedade 




MARCEAU, F. et al. Bifunctional ligands of the bradykinin B2 and B1 receptors: An 
exercise in peptide hormone plasticity. Peptides, v. 105, s.n., p. 37 – 50, jul. 2018. 
 
MARIA-FERREIRA, DANIELE et al. Rhamnogalacturonan, a chemically-defined 
polysaccharide, improves intestinal barrier function in DSS-induced colitis in mice 
and human Caco-2 cells. Scientific reports, v. 8, n. 1, p.12261, ago. 2018. 
 
MARIN-CASTA O, Maria E. et al. Induction of Functional Bradykinin B 1 -Receptors 
in Normotensive Rats and Mice Under Chronic Angiotensin-Converting Enzyme 
Inhibitor Treatment. Circulation, v. 105, n. 5, p. 627–632, fev. 2002. 
 
MAURER, M. et al. New topics in bradykinin research. Allergy: European Journal of 
Allergy and Clinical Immunology, v. 66, n. 11, p. 1397 – 1406, nov. 2011. 
 
MAZZONE, Stuart B.; UNDEM, Bradley J. Vagal afferent innervation of the airways in 
health and disease. Physiological Reviews, v. 96, n. 3, p. 975 – 1024, jul.  2016. 
 
MCALEXANDER, M. Allen et al. Transient receptor potential vanilloid 4 activation 
constricts the human bronchus via the release of cysteinyl leukotrienes. Journal of 
Pharmacology and Experimental Therapeutics, v. 349, n. 1, p. 118 – 125, abril. 
2014. 
 
MCGARVEY, Lorcan P. et al. Increased expression of bronchial epithelial transient 
receptor potential vanilloid 1 channels in patients with severe asthma. Journal of 
Allergy and Clinical Immunology, v. 133, n. 3, p. 704 – 712, mar. 2014. 
 
MEDEIROS, Marta V. et al. Contribution of C-fibers to leucocyte recruitment in 
bronchoalveolar lavage fluid and pleural cavity in the rat. European Journal of 
Pharmacology, v. 421, n. 2, p. 133 – 140, jun. 2001. 
 
MEOTTI, Flavia Carla; DE ANDRADE, Edinéia Lemos; CALIXTO, João B. TRP 
modulation by natural compounds. Handbook of Experimental Pharmacology, v. 
223, n.1, p. 1177 – 1238, 2014. 
 
MICKLE, Aaron D.; SHEPHERD, Andrew J.; MOHAPATRA, Durga P. Sensory TRP 
channels: The key transducers of nociception and pain. Progress in Molecular 
Biology and Translational Science., v. 131, n. 1, p. 73 – 118, 2015.  
 
MILLQVIST, Eva. The airway sensory hyperreactivity syndrome. Pulmonary 
Pharmacology and Therapeutics, v. 24, n. 3, p. 262 – 266, jun. 2011. 
 
MISTRY, Shilpa et al. Prolonged exposure to bradykinin and prostaglandin E2 
increases TRPV1 mRNA but does not alter TRPV1 and TRPV1b protein expression 
in cultured rat primary sensory neurons. Neuroscience Letters, v. 564, p. 89-93, 
abril 2014. 
 
MITCHELL, Jennifer E. et al. Expression and characterization of the intracellular 
vanilloid receptor (TRPV1) in bronchi from patients with chronic cough. Experimental 




MONTELL, Craig; RUBIN, Gerald M. Molecular characterization of the drosophila trp 
locus: A putative integral membrane protein required for phototransduction. Neuron, 
v. 2, n. 4, p. 1313 – 1323, abril. 1989. 
 
MORICE, Alyn H. et al. Angiotensin-converting enzyme and the cough reflex. The 
Lancet, v. 2, n. 8568, p. 1116 – 1118, nov. 1987. 
 
MORIMOTO, Takeshi et al. An evaluation of risk factors for adverse drug events 
associated with angiotensin-converting enzyme inhibitors. Journal of Evaluation in 
Clinical Practice, v. 10, n. 4, p. 499 – 509, nov. 2004. 
 
MOYRON-QUIROZ, Juan E. et al. Role of inducible bronchus associated lymphoid 
tissue (iBALT) in respiratory immunity. Nature Medicine, v. 10, p. 927 – 934, ago. 
2004. 
 
MUKHOPADHYAY, Indranil; KULKARNI, Abhay; KHAIRATKAR-JOSHI, Neelima. 
Blocking TRPA1 in respiratory disorders: Does it hold a promise? Pharmaceuticals, 
v. 9, n. 4, p. E70, nov. 2016. 
 
NASRA, Julie; BELVISI, Maria G. Modulation of sensory nerve function and the 
cough reflex: Understanding disease pathogenesis. Pharmacology and 
Therapeutics, v. 124, n. 3, p. 354 – 375, dez. 2009. 
 
NASSINI, Romina et al. Acetaminophen, via its reactive metabolite N-acetyl-p-benzo-
quinoneimine and transient receptor potential ankyrin-1 stimulation, causes 
neurogenic inflammation in the airways and other tissues in rodents. The FASEB 
Journal, v. 24, n. 12, p. 4904 – 4916, dez. 2010. 
 
NASSINI, Romina et al. Transient receptor potential ankyrin 1 channel localized to 
non-neuronal airway cells promotes non-neurogenic inflammation. PLoS ONE, v. 7, 
n. 8, p. e42454, ago. 2012. 
 
NERENBERG, Kara A. et al. Hypertension Canada’s 2018 Guidelines for Diagnosis, 
Risk Assessment, Prevention, and Treatment of Hypertension in Adults and Children. 
Canadian Journal of Cardiology, v. 34, n. 5, p. 506 – 525, maio. 2018. 
 
NIELSEN, Troels Krogh; BYGUM, Anette; RASMUSSEN, Eva Rye. Life-threatening 
angio-oedema after the first dose of an ACE inhibitor-not an anaphylactic reaction. 
British Medical Journal Case Reports, pii: bcr2016214364, maio. 2016. 
 
NILIUS, Bernd et al. TRPV4 calcium entry channel: A paradigm for gating diversity. 
American Journal of Physiology: Cell Physiology, v. 286, n. 2, p. 195 – 205, fev. 
2004. 
 
NILIUS, Bernd; SZALLASI, Arpad. Transient receptor potential channels as drug 
targets: From the science of basic research to the art of medicine. Pharmacological 




NUSSBERGER, Juerg et al. Plasma bradykinin in angio-oedema. Lancet, v. 351, n. 
9117, p. 1693 – 1697, jun. 1998. 
 
OBERGASSEL, L.; CARLSSON, J.; TEBBE, U. ACE-inhibitor-associated interstitial 
lung infiltrate. Deutsche Medizinische Wochenschrift, v. 120, n. 38, p. 1273 – 
1277, set. 1996. 
 
OIKE, Yuichi et al. Fatal angioedema associated with enalapril. Internal Medicine, v. 
32, p. 308 – 310, abril 1993. 
 
OLIVEIRA, Janiana R.J.M. et al. Involvement of the TRPV1 receptor in plasma 
extravasation in airways of rats treated with an angiotensin-converting enzyme 
inhibitor. Pulm. Pharmacol. Ther., v. 41, p. 25 – 33, set. 2016. 
 
OMBONI, Stefano; BORGHI, Claudio. Zofenopril and incidence of cough: a review of 
published and unpublished data. Therapeutics and Clinical Risk Management, v. 
7, n. 1, p. 459 – 471, nov. 2011. 
 
ONDETTI, Miguel A.; CUSHMAN, David W. Inhibition of the Renin-Angiotensin 
System. A New Approach to the Therapy of Hypertension. Journal of Medicinal 
Chemistry, v. 24, n. 4, p. 355 – 361, abril. 1981. 
 
O’NEILL, Jessica et al. Unravelling the mystery of capsaicin: A tool to understand 
and treat pain. Pharmacological Reviews, v. 64, n. 4, p. 939 – 971, out. 2012. 
 
O’RYAN, Felice; POOR, David B.; HATTORI, Masami. Intraoperative angioedema 
induced by angiotensin-converting enzyme inhibitors: Overview and case report. 
Journal of Oral and Maxillofacial Surgery, v. 63, n. 4, p. 551 – 556, abril. 2005. 
 
OVERLACK, Axel. ACE inhibitor-induced cough and bronchospasm. Incidence, 
mechanisms and management. Drug Safety, v. 15, n. 1, p. 72 – 78, jul. 1996. 
 
PARENTI, Astrid. et al. What is the evidence for the role of TRP channels in 
inflammatory and immune cells? British Journal of Pharmacology, v. 173, n. 6, p. 
953 – 969, mar. 2016. 
 
PETHÖ, Gábor; REEH, Peter W. Sensory and signaling mechanisms of bradykinin, 
eicosanoids, platelet-activating factor, and nitric oxide in peripheral nociceptors. 
Physiological Reviews, v. 92, n. 4, p. 1699 – 1775, out. 2012. 
 
POLVERINO, Mario et al. Anatomy and neuro-pathophysiology of the cough reflex 
arc. Multidisciplinary Respiratory Medicine, v. 7, n. 1, p. 1 - 5, jun. 2012. 
 
PRADO, Gregory N. et al. Mechanisms regulating the expression, self-maintenance, 
and signaling-function of the bradykinin B2 and B1 receptors. Journal of Cellular 
Physiology, v. 193, n. 3, p. 275 – 286, dez. 2002 
 
PRETI, Delia; SZALLASI, Arpad; PATACCHINI, Riccardo. TRP channels as 
therapeutic targets in airway disorders: A patent review. Expert Opinion on 




RADRESA, Olivier et al. TRPV1 as a Polymodal Sensor: Potential to Discover 
TRPV1 Antagonists Selective for Specific Activating Modalities. In TRP Channels in 
Drug Discovery. Methods in Pharmacology and Toxicology, v.1, Springer 
Protocols, p. 221 – 235, ago. 2012. 
 
REGOLI, Domenico; GOBEIL, Fernand. Critical insights into the beneficial and 
protective actions of the kallikrein-kinin system. Vascular Pharmacology, v. 64, n. 1, 
p. 1 – 10, jan. 2015. 
 
REGOLI, Domenico; PLANTE, Gerard E.; GOBEIL, Fernand. Impact of kinins in the 
treatment of cardiovascular diseases. Pharmacology and Therapeutics, v. 135, n. 
1, p. 94 – 111, jul. 2012. 
 
RHALEB, Nour Eddine; YANG, Xiao Ping; CARRETERO, Oscar A. The Kallikrein-
Kinin system as a regulator of cardiovascular and renal function. Comprehensive 
Physiology, v. 1, n. 2, p. 971 – 993, abril. 2011. 
 
RICCIARDOLO, Fabio L.M. et al. Bradykinin in asthma: Modulation of airway 
inflammation and remodelling. European Journal of Pharmacology., v. 827, n. 1, p. 
181 – 188, maio. 2018. 
 
ROGERIO, Alexandre P.; ANDRADE, Edinéia L.; CALIXTO, João B. C-fibers, but not 
the transient potential receptor vanilloid 1 (TRPV1), play a role in experimental 
allergic airway inflammation. European Journal of Pharmacology, v. 662, n. 1 – 3, 
p. 55 – 62, jul. 2011. 
 
SCADDING, John. W. The permanent anatomical effects of neonatal capsaicin on 
somatosensory nerves. Journal of Anatomy, v. 131, n. 3, p. 471 – 482, out. 1980. 
 
SCHATZ, P. L. et al. Captopril-induced hypersensitivity lung disease. An immune-
complex-mediated phenomenon. Chest, v. 95, n. 3, p. 685 – 687, mar. 1989. 
 
SCHERAGA, Rachel G. et al. The role of transient receptor potential vanilloid 4 in 
pulmonary inflammatory diseases. Frontiers in Immunology, v. 8, n. 1, p. 503 - 509, 
maio. 2017. 
 
SCHULZE-TOPPHOFF, Ulf et al. Roles of the kallikrein/kinin system in the adaptive 
immune system. International Immunopharmacology, v. 8, n. 2, p. 155-160, mar. 
2008.  
 
SESOKO, Shoji; KANEKO, Yoshihiro. Cough Associated With the Use of Captopril. 
Archives of Internal Medicine, v. 145, n. 8, p . 1524, ago. 1985. 
 
SONG, Woo Jung; MORICE, Alyn H. Cough hypersensitivity syndrome: A few more 
steps forward. Allergy, Asthma and Immunology Research, v. 9, n. 5, p. 394 – 




STORY, Gina M. et al. ANKTM1, a TRP-like channel expressed in nociceptive 
neurons, is activated by cold temperatures. Cell, v. 112, n. 6, p. 819 – 829, mar. 
2003. 
 
SUBISSI, Alessandro.; GUELFI, Marco.; CRISCUOLI, Marco. Angiotensin converting 
enzyme inhibitors potentiate the bronchoconstriction induced by substance P in the 
guinea-pig. British Journal of Pharmacology, v. 100, n. 3, p. 502 – 506, jul. 1990. 
 
SUDA, Takafumi, et al. Development of bronchus-associated lymphoid tissue in 
chronic hypersensitivity pneumonitis. Chest, v. 115, n. 2, p. 357 – 363, fev. 1999. 
 
SULPIZIO, Anthony C. et al. The effect of acute angiotensin-converting enzyme and 
neutral endopeptidase 24.11 inhibition on plasma extravasation in the rat. Journal of 
Pharmacology and Experimental Therapeutics, v. 309, n. 3, p. 1141 – 1147, jun. 
2004. 
 
TADDEI, Stefano; BORTOLOTTO, L. Unraveling the Pivotal Role of Bradykinin in 
ACE Inhibitor Activity. American Journal of Cardiovascular Drugs, v. 16, n. 5, p.. 
309 – 321, out. 2016. 
 
TAKAHAMA, Kazuo. et al. Studies on the magnitude and the mechanism of cough 
potentiation by angiotensin-converting enzyme inhibitors in guinea-pigs: Involvement 
of bradykinin in the potentiation. J. Pharm. Pharmacol, v. 48, n. 10, p. 1027 – 1033, 
out. 1996. 
 
TONELLO, Raquel et al. The peptide Phα1β, from spider venom, acts as a TRPA1 
channel antagonist with antinociceptive effects in mice. British Journal of 
Pharmacology, v. 174, n. 1, p. 57 – 69, jan. 2017. 
 
TRAMONTANA, Manuela et al. Differences between peptide and nonpeptide B2 
bradykinin receptor antagonists in blocking bronchoconstriction and hypotension 
induced by bradykinin in anesthetized guinea pigs. Journal of Pharmacology and 
Experimental Therapeutics, v. 296, n. 3, p. 1051 – 1057, mar. 2001. 
 
TREVISAN, Gabriela et al. TRPA1 receptor stimulation by hydrogen peroxide is 
critical to trigger hyperalgesia and inflammation in a model of acute gout. Free 
Radical Biology and Medicine, v. 72, n. 1, p. 200 – 209, jul. 2014. 
 
TREVISANI, Marcello et al. Ethanol causes inflammation in the airways by a 
neurogenic and TRPV1-dependent mechanism. Journal of Pharmacology and 
Experimental Therapeutics, v. 309, n. 3, p. 1167 – 1173, jun. 2004. 
 
VALENTI, Claudio et al. MEN16132, a novel potent and selective nonpeptide kinin 
B2 receptor antagonist: In vivo activity on bradykinin-induced bronchoconstriction 
and nasal mucosa microvascular leakage in anesthetized guinea pigs. Journal of 





VAN HOECKE, Lien et al. Bronchoalveolar Lavage of Murine Lungs to Analyze 
Inflammatory Cell Infiltration. Journal of Visualized Experiments, v. 123, n. 55398, 
maio 2017. 
 
VANDEWAUW, Ine et al. Correction: A TRP channel trio mediates acute noxious 
heat sensing. Nature, v. 559, n. E7, maio 2018. 
 
VASEKAR, Monali; CRAIG, Timothy J. ACE Inhibitor-induced angioedema. Current 
Allergy and Asthma Reports, v. 12, n. 1, p. 72 – 78, fev. 2012. 
 
VEGTER, Stefan; DE JONG-VAN DEN BERG, Lolkje T.W. Misdiagnosis and 
mistreatment of a common side-effect - Angiotensin-converting enzyme inhibitor-
induced cough. British Journal of Clinical Pharmacology, v. 69, n. 2, p. 200 – 203, 
fev. 2010. 
 
VELDHUIS, Nicholas A. et al. The g protein–coupled receptor–transient receptor 
potential channel axis: Molecular insights for targeting disorders of sensation and 
inflammation. Pharmacological Reviews, v. 67, n. 1, p. 36 – 73, jan. 2015. 
 
WAKEFIELD, Y. S.; THEAKER, E. D.; PEMBERTON, Michael. N. Angiotensin 
converting enzyme inhibitors and delayed onset, recurrent angioedema of the head 
and neck. British Dental Journal, v. 205, n. 10, p. 553 – 556, nov. 2008. 
 
WALLACE, Helen. Airway Pathogenesis Is Linked to TRP Channels. Neurobiology 
of TRP Channels. Chapter 13, 2 ed., Taylor & Francis Group, 2017.  
 
WANG, Shenglan et al. Phospholipase C and protein kinase A mediate bradykinin 
sensitization of TRPA1: A molecular mechanism of inflammatory pain. Brain, v. 131, 
n. 5, p. 1241 – 1251, mar. 2008. 
 
WATANABE, Kouki et al. Captopril, an angiotensin-converting enzyme inhibitor, 
induced pulmonary infiltration with eosinophilia. Internal Medicine, v. 35, n. 2, p. 142 
– 145, fev. 1996. 
 
WATANABE, Hiroyuki et al. Heat-evoked activation of TRPV4 channels in a HEK293 
cell expression system and in native mouse aorta endothelial cells. Journal of 
Biological Chemistry, v. 277, n. 49, p. 47044 – 47051, dez. 2002. 
 
WATANABE, Naoto et al. Immunohistochemical localization of transient receptor 
potential vanilloid subtype 1 in the trachea of ovalbumin-sensitized Guinea pigs. 
International Archives of Allergy and Immunology, v. 146, n. 1, p. 28 – 32, maio.  
2008. 
 
WHELTON, Paul K. et al. 2017 Guideline for the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure in Adults. A Report of the American 
College of Cardiology / American Heart Association Task Force on Clinical Pratice 





WILLETTE, Robert N. et al. Systemic activation of the transient receptor potential 
vanilloid subtype 4 channel causes endothelial failure and circulatory collapse: Part 
2. Journal of Pharmacology and Experimental Therapeutics, v. 326, n. 2, p. 443 
– 452, ago. 2008. 
 
WILLIAMS, Bryan et al. 2018 ESC/ESH Guidelines for the management of arterial 
hypertension: The Task Force for the management of arterial hypertension of the 
European Society of Cardiology (ESC) and the European Society of Hypertension 
(ESH). European Heart Journal, v. 39, n. 33, p. 3021 – 3104, ago. 2018. 
 
WORTLEY, Michael A., BIRREL, Mark A., BELVISI, Maria G. Drugs Affecting TRP 
Channels. Handbook of experimental pharmacology, v. 237, p. 213 – 241, nov. 
2016.  
 
XIA, Yang et al. Transient Receptor Potential Channels and Chronic Airway 
Inflammatory Diseases: A Comprehensive Review. Lung, v. 196, n. 5, p . 505 – 516, 
out. 2018. 
 
YILMAZ, İnsu. Angiotensin-converting enzyme inhibitors induce cough. Turkish 
Thoracic Journal., v. 20, n. 1, p. 36 – 42, jan. 2019. 
 
ZAMAN, Mohammad Amin; OPARIL, Suzanne; CALHOUN, David A. Drugs targeting 
the renin-angiotensin-aldosterone system. Nature Reviews Drug Discovery, v. 1, n. 
1, p. 621 – 636, ago. 2002. 
 
ZHAO Qiong et al. TRPV1 and neuropeptide receptor immunoreactivity and 
expression in the rat lung and brainstem after lung ischemia-reperfusion injury. 
Journal of Surgical Research, v. 203, n. 1, p. 183 – 192, mar. 2016. 
 
ZHENG, Jie. Molecular mechanism of TRP channels. Comprehensive Physiology, 
v. 3, n. 1, p. 221 – 242, jan. 2013. 
  
ZHOU, Yun et al. Sensitivity of bronchopulmonary receptors to cold and heat 
mediated by transient receptor potential cation channel subtypes in an ex vivo rat 
lung preparation. Respiratory Physiology and Neurobiology, v. 177, n. 3, p. 327 – 
332, ago. 2011. 
 
ZURBORG, Sandra et al. Direct activation of the ion channel TRPA1 by Ca2+. 
Nature Neuroscience, v. 10, n. 3, p. 277 – 279, mar. 2007. 
  
 
 
 
